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THE VALIDITY OF THE FERRY-PORTER LAW IN DEPRESSED 
AND ENHANCED STATES OF RETINAL SENSITIVITY! 


By FRANK ALLEN? AND MANUEL SCHWARTZ? 


Abstract 


The experiments described in this communication were conducted with the 
object of ascertaining whether or not the Ferry-Porter law was valid in various 
states of adaptation of the retina. The results uniformly showed that the law 
holds in such states of visual adaptation as were induced. 

Only a few of the endless combinations of stimulation and observation 
colours were tried. In addition to proving the validity of the law under the 
conditions selected, the experiments showed that reversals of sensitivity of 
the visual apparatus occurred after rest-intervals of three minutes, when 
depression of sensitivity changed to enhancement, and enhancement to depres- 
sion, according to circumstances. 


The neural oscillatory effect was investigated to some extent. 


When light of any colour is presented to the eye alternately with darkness, 
there is a critical frequency of flickering at which the separate flashes of light 
are carried by the persistence of vision over the intervals of darkness so as to 
present the appearance of continuous or uninterrupted light. The Ferry- 
Porter law, which connects the critical frequency of flicker with the intensity 
or brightness of the light, is thus expressed :— 
= N =k logI+C, 

where D is the duration of a flash of light at the critical frequency, N the 
frequency of flickering, J the intensity of the light, and k and C are constants, 
which have different values for different ranges of intensity of the light and 
also for different colours. The graphs that are obtained by plotting values of 
N against those of log J consist of one or usually more intersecting straight 
lines, the number depending on the range of intensities of light that is available 
in the experiment. The number of lines obtained in the present investigation 
was always two. Since there is a small variation of intensity of light, the 
Weber fraction, within which it is impossible for the eye to distinguish alter- 
ations of brightness, the values of J and of log I may vary slightly for constant 
values of N. The Ferry-Porter law is also an expression of the Weber-Fechner 


law, 


D 
1 Manuscript received July 13, 1940. 
Contribution from the Department of Physics, University of Manitoba, Winnipeg, Man. 
2 Professor of Physics. 
3 Demonstrator in Physics. 


if — may be regarded as equivalent to the measure, S, of the sensation. 
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In this investigation, experiments were made to determine whether or not 
the Ferry-Porter law holds when the retina is in different states of colour 
adaptation, and also whether it is valid when different periods of rest are 
taken between the cessation of stimulation and the observation of the critical 
frequency of flicker. 


Experimental Arrangements 


The experimental arrangements were as follows. A Hilger spectrometer. 
with four prisms, the equivalent of three 60° prisms, was used to form a 
spectrum of wide dispersion, a small portion of which of any desired wave- 
length was isolated by adjustable shutters in the eye-piece. The source of 
light was a 75-watt clear glass incandescent lamp that was supplied with 
continuous current at constant voltage, the latter being regulated by a fine 
rheostat and a voltmeter. In the path of the light was placed a sectored disk 
rotated by an electric motor, the speed of which was controlled, by the 
observer, with a leather brake resting on the axle of the armature. A speed- 
counter attached to the rear end of the axle closed a chronograph circuit 
every fiftieth revolution of the motor, and the moment of contact was recorded 
on a moving strip of paper together with half-second intervals from a clock. 
Thus the duration of a flash of light at the critical frequency of flicker could 
be accurately measured. In front of the slit of the spectrometer, in the path 
of the light, was placed a pair of nicol prisms with the polarizer free to rotate 
_and the analyzer fixed in position and so oriented that the vibrations of the 
light passing through the prisms were always in the horizontal direction. 
The intensity of the light passing through them is proportional to the square 
of the cosine of the angle between the principal planes of the nicols. 


A second spectrometer with two prisms was used to give a bright spectrum 
from a small arc light, and in this instrument also a small patch of colour 
of the desired wave-length was isolated in the eye-piece. The apparatus 
was conveniently disposed so that the observer could stimulate one eye for 
two minutes with the colour in the second spectrometer, and then immediately 
afterwards, or after any interval of rest, make the observations of the critical 
frequency of flicker with the first spectrometer. 


The room in which the experiments were conducted was illuminated by 
daylight, and the eyes of the observer were in daylight adaptation when 
obtaining the normal comparison graph. In subsequent experiments, when 
the right eye was adapted for any colour, the left was maintained in daylight 
adaptation. 

The first measurements were taken to secure a graph for red light of wave- 
length 687 my under normal conditions of daylight adaptation of both eyes, 
with which subsequent graphs obtained under different conditions of adapt- 
ation could be compared. The nicols were first set with their principal planes 
nearly parallel to give an intensity of colour represented by the number, 
cos’?a@ = 0.850, and then in succession five different intensities of the red light 
were observed down to a lower extreme of cos’a = 0.016. Measurements of 
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the critical frequency of flicker obtained for each intensity of colour are 
given in Table I, A, and are shown as the normal graph in Fig. 1, A. This 
graph consists of two intersecting straight lines that change abruptly in slope. 
The intensity of the red colour was not sufficiently great to give a third 
straight line such as one of the writers (2) previously obtained. 


70 
& 
70 
60 
log I 
2.4 3.8 i.2 1.6 1.0 
Fic. 1. Graphs B and C were obtained after stimulation with red light 687 mu. Graphs 
E and F were obtained after lation with green light 550 mu. Graphs A and D are 


normals. All observations were made on red light 687 mp. 


The Effect of Rest on Colour Adaptation 


In making measurements of the critical frequency of flicker when the eye 
was in some induced state of adaptation, the following invariable procedure 
was adopted. While the left eye was kept in daylight adaptation, the right 
eye was stimulated by red light of the same wave-length, 687 my, from the 
second sdectrometer for two minutes. Immediately afterwards a measure- 
ment of the critical frequency of flicker was made for the selected intensity 
of red light in the first spectrometer. After this observation was completed, 
the right eye was again stimulated for two minutes; another measurement of 
the critical rate of flickering for the second intensity was then made. In 
this way, observations were made on the same intensities of the red colour as 
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for the normal graph, when the retina was in red light adaptation. The 
measurements are given in Table I, B, and are shown in Fig. 1, B. In both 
branches the graph is wholly below the normal, a position that indicates that 
the visual apparatus for the sensation of red was depressed in sensitivity by 
its colour adaptation. 

The right eye was then stimulated with red light precisely as before, but 
an interval of rest of three minutes duration was taken between the cessation 


TABLE I 
Figs. 1 and 2 
Normal | Critical 
persist- | frequen- Rest = 0 Rest = 3 min. 
Intensity | Seton 
2 and observat- 
eg D, D, D, ion colours 
sec. D sec. D sec. D 
A B Cc 
0.016 2.202 | 0.0163 ] 61.3 | 0.0167] 59. 0.0154 ; 64.9 | Stimulation 
.088 2.944 |} .0150| 66.7 .0158 | 63.3 .0145 | 69.0 colour 
. 209 1.321 .0144 69.5 .0151 66.2 .0137 73.0 687 mu 
.539 1.732 .0134 74.6 .0139 71.9 .0126 79.4 | Observation 
. 707 1.850 | .0125 | 80.0 .0131 | 76.3 .0121 | 82.6 colour 
.850 1.930 | .0119 | 84.0 | 30.0 .0115 86.9 687 mu 
D E F 
0.016 2.202 | 0.0176 | 56.8 | 0.0170} 58.8 | 0.0192} 52.1 | Stimulation 
.088 2.944 | .0163 | 61.3 | 6.3) | 58.5 colour 
. 209 1.321 .0154 | 64.9 0145 | 68.9 0162 | 61.7 550 mu 
.539 1.732 .0143 | 70.0 0136 | 73.5 0150 | 66.7 | Observation 
.707 1.850 .0138 a2.0 0132 75.8 .0142 70.4 colour 
.850 1.930 | .0136| 73.5 _ —_ .0138 | 72.5 687 mu 
G H I 
0.016 2.202 | 0.0176 | 56.8 | 0.0171] 58.5 | 0.0182 | 54.9 | Stimulation 
.088 2.944 .0163 61.3 0154 64.9 0170 58.8 colour 
.209 1.321 .0154 | 64.9 0148 | 67.6 0160 | 62.5 450 mp 
.539 1.732 .0143 | 70.0 0139 | 71.9 0147 | 68.0 | Observation 
.707 1.850 .0138 2.8 0136 73.5 .0141 70.9 colour 
850 1.930 | .0136 | 73.5 0134 | 74.6] .0138 | 72.5 687 mu 
J K L 
0.016 2.202 | 0.0176 | 56.8 | 0.0177 | 56.5 | 0.0176] 56.8 | Stimulation 
.088 2.944 | .0163 | 61.3 .0161 | 62.1 .0159 | 62.9 colour 
.209 1.321 .0154 | 64.9 0152 | 65.8 _— —_ 505 mu 
.539 1.732 .0143 | 70.0 0144 | 69.5] .0143 | 70.0 | Observation 
. 707 1.850 .0138 | 72.5 0138 | 72.5 colour 
.850 1.930 | .0136 | 73.5 0136 a8 .0136 | 73.5 687 my 
M N O 
0.016 2.202 | 0.0176 | 56.8 | 0.0177] 56.5 | 0.0175 | 57.2 | Stimulation 
.088 2.944 | .0163 | 61.3 0160 | 62.5 -0158 | 63.3 colour 
. 209 1.321 .0154 | 64.9 0154 | 64.9 0154 | 64.9 660 mu 
.539 1.732 .0143 | 70.0 0144 |. 69.5 0142 | 70.4 | Observation 
.707 1.850 | .0138 | 72.5 0138 | 72.5 0138 | 72.5 colour 
.850 1.930 | .0136| 73.5 0136 | 73.5 0135 | 74.1 687 mu 
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of stimulation and the measurement of the critical rate of flicker. The readings 
for the six intensities are given in Table I, C, and are plotted in Fig. 1, C. 
The elevation of the whole graph above the normal, A, indicates that the 
visual organs for the red sensation were enhanced in sensitivity. It is evident, 
- therefore, that some part of the visual neural structure, either peripheral 
or central, which was at first depressed in sensitivity by stimulation with 
red light, not only recovered but exceeded its normal responsiveness during 
the interval of rest. Obviously the sensitivity of the visual apparatus for 
the sensation of red, in its change from depression to enhancement in three 
minutes, must have been of normal value at some interval, probably one and 
a half minutes, after the stimulation had ceased. This interval, however, 
was not tried experimentally. Graphs B and C, which respectively represent 
depressed and enhanced states of sensitivity, are identical with the normal 
in character and in conformity with the Ferry-Porter law. 


60 


3.0 2.8 1.6 1.0 


Fic. 2. Graphs H and I were obtained after stimulation with blue light 450 mu. Graphs 
J and M represent null effects of equilibrium colours 505 mu and 660 mp respectively. 
Graphs G, J, and M are normals for red light 687 mu. 
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In precisely the same manner a similar set of three graphs was obtained 
when the eye was stimulated by green light of wave-length 550 my, while 
the measurements of the critical frequency of flicker were made on red light 
of wave-length 687 my, as before. The measurements are given also in 
Table I, D, E, and F, and they are plotted correspondingly in Fig. 1, D, E, 
and F. The normal, as in all groups of graphs, is the central one, D. There 
is, however, a remarkable difference between the graphs B and C, for red 
adaptation, and E and F for green adaptation. Whereas the immediate 
effect of stimulation with red light was the depression of the red sensation, 
and, after three minutes of rest, its enhancement, as shown respectively by 
the graphs B and C, the immediate effect of stimulation with green light 
was opposite in character, that is, the enhancement of the red sensation, 
and, after three minutes of rest, the depression of its sensitivity, as shown 
by the graphs E and F respectively. In the one case the rest interval caused 
enhancement, and in the other depression of visual sensitivity. 

Similar observations were made when the eye was stimulated by blue light 
of wave-length 450 mu, with measurements of the critical frequency taken as 
before on red light of wave-length 687 mu. The data are shown in Table I, 
G, H, I, and they are plotted as a group of three graphs, in Fig. 2, G, H, I. 
The central graph, G, is, as in the former groups, the normal. Graph H 
represents the immediate effect of stimulation with blue light, which is 
enhancement of the red sensation. When a rest period of three minutes was 
taken between the cessation of stimulation and the measurement of the rate 
of flickering, the red sensation was depressed in sensitivity as shown by 
Fig. 1. Thus stimulation with blue and green colours had the same effect 
on the red sensation, both immediately and after the same rest interval of 


three minutes. 
Adaptation to Equilibrium Colours 


It was formerly discovered by Allen (1) that six hues of the spectrum were 
equilibrium colours, a term that signifies that stimulation by them produces 
neither depression nor enhancement of visual sensitivity. Two of these 
colours, 505 my, and 660 muy, were used to stimulate the retina with results 
that are given in Table I, J, K, L, and M, N, O, respectively, where the 
measurements, J and M, are the values of the critical frequency of flicker for 
the normal condition of the retina, K and N are those obtained immediately 
after stimulation, and L and O those obtained after a rest interval of three 
minutes. These measurements are plotted in Fig. 2, J, and Fig. 2, M. The 
single graph drawn through the solid circles is, in each case, the normal. 
The points shown by the X’s represent the immediate effects, K and N, of 
stimulation, and those shown by open circles the effects, L and O, of the rest 
intervals of three minutes. The null effects obtained under both conditions 
are even more complete than the points in the figures reveal, as in some 
cases they are slightly displaced in order to draw them. An examination of 
the table shows that 10 of the values obtained after stimulation by these 


x 
— 
‘ 
| 
r 
‘ 
4 
‘ 


ALLEN AND SCHWARTZ: THE FERRY-PORTER LAW 157 


equilibrium colours are identical with the normal measurements. By these 
experiments the character of the two equilibrium colours is fully sustained. 


TABLE II 
Fig. 3 
Normal | Critical 
persist- fre- Rest = 0 Rest = 3 min. 
Intensity ence | quency Stimulation 
cos? @ log I and observa- 
I D, D, D, tion colours 
sec D sec D sec. D 
A B c 
0.016 2.202 | 0.0160 62.5 0.0153 65.4 | 0.0165 60.6 | Stimulation 
.088 2.944 .0145| 69.0 0137 | 73.0] .0150| 66.7 colour 
.209 1.321 .0134 | 74.6 0129 | 77.5 | .0141 | 70.9 687 mp 
.539 1.732 | .0119 | 84.0 0114 | 87.7 | .0125 | 80.0 | Observation 
.707 1.850 | .0114| 87.7 0115 | 86.9} .0117 | 85.5 colour 
.850 1.930 | .0109 | 91.7 0108 | 92.6 _- 550 mu 


One other set of measurements was made by interchanging the colours of 
stimulation and observation. The right eye of the observer was stimulated 
by the red colour 687 my, and the critical rate of flickering was measured 
on green light of wave-length 550 mu. The measurements are given in 
Table II, A, B, C, and are shown in Fig. 3, A, B, C. The normal, A, is again 
the central graph, the upper graph, B, which shows enhancement of the 
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Fic. 3. Graphs B and C were obtained after stimulation with red light 687 mp. A is the 
normal. Observations were made on green light 550 mu. 
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green sensation, represents the immediate results of stimulation; and the 
lower graph, C, shows depression of sensitivity of the green sensation that 
occurs after a rest interval of three minutes. 

Such experiments as those that have been described might be multiplied 
indefinitely as regards both the colours used to stimulate the eyes, and those 
on which the measurements of the critical frequency of flicker might be made. 
A sufficient number have, however, been performed to bring to light the 
general principles involved in stimulation of the eyes with pure colours. 


The Oscillatory Effect 


Since a rest interval of three minutes invariably causes a reversal in sensi- 
tivity of the colour sensory apparatus, whether depression or enhancement, 
two sets of measurements were made, one ipsilateral and the other contra- 
lateral, to bring out somewhat more fully the oscillatory effect. In both 
cases the right or left eye was stimulated by green light of wave-length 550 
my, and observations of the critical frequency of flicker were made with 
the right eye on the same colour, which was maintained at a steady intensity. 
Intervals of rest of 0,1.5, 3, 4.5 and 6 min. were taken between the cessation 
of stimulation, which occupied two minutes in each case, and the observation 
of the critical rate of flickering. The measurements are given in Table III, 
and are plotted in Figs. 4, A, and 4, B, with time intervals as abscissae and 
critical rates of flickering as ordinates. The two figures respectively represent 
the ipsilateral and contralateral effects. Both graphs show the oscillatory 
character of visual sensitivity after stimulation, but the periodic time of the 
latter appears to be double that of the former. They begin, however, in 
opposite phases, the ipsilateral stimulation showing initially depression of 
sensitivity and the contralateral enhancement. The experiments were not 
carried far enough to discover after what interval of rest the oscillations 
subside. 


TABLE III 
Fic. 4 
Rest D 1 Difference Stimulation and observation 

interval D colours 
Normal 0.0163 61.4 0 Right eye stimulated with green 
0 .0170 58.8 —2.6 550 mu. 
1.5 min. .0161 62.1 +0.7 
3 min. .0156 64.1 +2.7 Observation colour 550 my, with 
4.5 min. .0164 61.0 —0.4 right eye. 
6 min. .0168 59.5 -1.9 
Normal 0.0156 64.1 0 Left eye stimulated with green 
0 .0145 69.0 +4.9 550 mp. 
1.5 min. .0148 67.6 +3.5 
3 min. .0154 64.9 +0.8 Observation colour 550 my, with 
4.5 min. .0169 62.9 —1.2 right eye. 
6 min, -0164 61.0 —3.1 
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Fic. 4. Oscillation of visual sensitivity. A represents ipsilateral stimulation. B repre- 
sents contralateral stimulation. 


General Considerations 


The Ferry-Porter law holds under all conditions of visual excitability 
whether normal, depressed, or enhanced. 

These experiments show that the fundamental sensations of colour, which, 
in Young’s theory, are red, green, and violet, are not independent of one 
another, but are related in a peculiar manner. For while stimulation with 
one colour depresses its own primary sensation, it simultaneously enhances 
the other, or complementary sensations. For example, stimulation with red 
light depresses the red sensation but enhances the green, and, as Allen (1) 
has shown elsewhere, the violet sensation as well. Similar effects undoubtedly 
occur also with stimulation by all colours. 

The experiments disclose the fact that remarkable changes in, or oscillations 
of, sensitivity of the colour sensations occur in definite intervals of time. 
The processes of depression and enhancement of sensitivity, it is also to be 
noted, are of about the same magnitude. 

In what part of the visual apparatus the changes in sensitivity occur, 
whether retinal, intermediary or central, is difficult to determine. In other 
researches Allen has always considered such changes to occur in the receptors 
in the retina by a process of sensory reflex action. It now seems more likely 
that they take place in the central visual areas in the form of oscillations of 
cellular activity. Depression and enhancement of sensibility are terms 
descriptive of the end-results of such changes, leaving undetermined the 
processes that cause them. Without trying to formulate special physiological 
agencies to explain these changes, it seems better to include them under the 
processes of inhibition and facilitation. While facilitation is not defined 
as the opposite of inhibition, yet it is more desirable to enlarge the concept 
of that action than to postulate some special enhancing process. It is clear 
that in these experiments depression of sensitivity is not to be confused with 
fatigue. 

The results of these experiments may be thus described. When a colour 
sensation has been stimulated, its sensory equilibrium is thereby disturbed, 


160 CANADIAN JOURNAL OF RESEARCH. VOL. 18, SEC. A. 


and it recovers its normal state by a series of changes in which its excitability 
is alternately enhanced and depressed. These oscillatory changes in 
sensitivity simultaneously extend ipsilaterally to the other unstimulated 
sensations and contralaterally to those in the other eye. The colour sensations 
have therefore an interdependent relation with one another. In general, 
the nervous system is always inclined to maintain itself in equilibrium, and, 
when disturbed, it recovers that state through a series of oscillations of 
sensitivity. 
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NAPHTHALENE DERIVATIVES FROM SUBSTITUTED 
y-PHENYLCROTONIC ESTERS! 


By Marion? AND JOHN A. McRae? 


Abstract 


The product of the condensation of phenylacetone with ethyl malonate, 
i.e., ethyl when saponified, gives 
rise to 3-methyl-1-hydroxy-2-naphthoic acid. This can be decarboxylated to a 
naphthol identical with 3-methyl-1-naphthol prepared by a series of reactions 
from B-methyl-naphthalene. The synthetic naphthol, in the Kolbe synthesis, 
yields 3-methyl-1-hydroxy-2-naphthoic acid, identical with the acid produced 
when the condensation ester is saponified. The condensation of phenylacetone 
with ethyl cyanoacetate gives rise to an unsaturated ester which does not cyclize 
spontaneously, but only when heated in glycerol, to a phenolic compound, 
probably 1-hydroxy-3-methyl-2-naphthoic nitrile. 


Several y-phenylcrotonic esters substituted in the a-position by a cyano- 
or a carbethoxy-group have been shown recently (5, 6) to undergo spon- 
taneous cyclization during distillation, giving rise thereby to substituted 
naphthols. Two esters of this type were isolated by Hugh and Kon (2) by 
the respective condensations of ethyl cyanoacetate and ethyl malonate with 
phenylacetone. These esters were identified as ethyl a-cyano-§-methyl- 
-phenyl-A®-butenoate (I) and ethyl 
butenoate (II). It was found by Hugh and Kon (2) that the latter substance 

C.H; . CHe . C(CH3) : C(CN)CO.C:H; (I) 
C.H; CH. C(CHs) C(CO.C2Hs)2 (IT) 
gave on hydrolysis not the expected acid C;2H1.0,, but an oily acid Ciy2H Os 
differing from it by the elements of water. When viewed in the light of the 
observations previously made on ring closure of a-carbethoxy-y-phenylcro- 
tonic esters, it appeared probable to the writers that this acid was the hydroxy 
CH: 


C—CO.C:H; 
CO.C;Hs CO.H 
he 4 we 
(II) (III) 


1 Manuscript received April-8, 1940. 
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acid (III), a derivative of B-methyl-naphthalene. Such a substance could 
result from the cyclization of ethyl a-carbethoxy-6-methyl-y-phenyl-butenoate 
(II) by loss of ethyl alcohol and saponification of the remaining carbethoxy 
group. If this proved to be the case it seemed also that the corresponding 
nitrile (I) should undergo cyclization under similar conditions and, accordingly, 
the substances (I) and (II) have now been reinvestigated. 

The condensation of phenylacetone with ethyl malonate, catalyzed by 
acetic anhydride and zinc-chloride—aniline, as described by Hugh and Kon (2), 
yielded the ester II, b.p. 173° C. (3 mm.), already described by them, and a 
nitrogenous crystalline product, CsHs,ON, m.p. 116 to 117°*, found to be 
identical with acetanilide. When the ester II, which could be distilled under 
low pressures without decomposition, was saponified, it yielded an acid whose 
analytical figures, like those of Hugh and Kon’s acid, are in excellent agree- 
ment with Cj2H,;O3;. The acid, however, instead of remaining as an oil as 
they described, crystallized readily and melted at 194°. When this acid was 
decarboxylated, a phenolic substance, m.p. 92°, was produced. 

By analogy with the cases of spontaneous ring closure already mentioned 
(5, 6) it appeared highly probable that the acid, m.p. 194° C., must be identical 
with 3-methyl-1-hydroxy-2-naphthoic acid (III), and that the phenolic sub- 
stance, m.p. 92°, derived therefrom, must be identical with 3-methyl-1-naph- 
thol. Accordingly, this naphthol, which has been prepared both by Fittig (1) 
and by VeselY and Kapp (7), was synthesized by a method similar to that of 
the last named authors. The starting material, 6-methyl-naphthalene, was 
nitrated to 1-nitro-2-methyl-naphthalene according to the directions of 
Lesser (4). Although the yield obtained was much less than that stated by 
Lesser we preferred his method of nitration to that of Vesely and Kapp, 
who also obtained inferior yields by the Lesser method. Following the further 
directions of Vesely and Kapp this nitro compound was reduced to 1-amino-2- 
methyl-naphthalene and this was converted into its acetyl derivative. The 
acetyl derivative was then nitrated, giving 1-acetamino-2-methyl-4-nitro- 
naphthalene which on hydrolysis gave 1-amino-2-methyl-4-nitro-naphthalene. 
This amine was converted by the Griess reaction to 2-methyl-4-nitro-naph- 
thalene which was reduced to the corresponding amino-compound and this 
was converted to 3-methyl-1-naphthol by diazotization. The naphthol melts 
at 92° as recorded both by Fittig (1) and by VeselY and Kapp (7), and was 
found to be identical with the phenolic substance produced by decarboxyla- 
tion of acid (III). 

Furthermore, the Kolbe synthesis applied to 3-methyl-1-naphthol yielded 
3-methyl-1-hydroxy-2-naphthoic acid and this, likewise, was found to be 
identical with the acid obtained by the hydrolysis of ethyl a-carbethoxy-- 
methyl-y-phenyl-butenoate (II). This acid, therefore, possesses the structure 


* All melting points are corrected. 
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The facile formation of 1-hydroxy-2-naphthoic nitrile when ethyl a-cyano- 
a-styrylacetate is distilled in vacuo (5) led the writers to expect that the 
product of the condensation of phenylacetone with ethyl cyanoacetate, i.e., 
ethyl a-cyano-6-methyl-y-phenyl-butenoate (I), would, under the same con- 
ditions, give rise to 1-hydroxy-3-methyl-2-naphthoic nitrile (IV). 

CH: 


| C—CH; 
don CN 

O.Et H 
(I) (IV) 


The presence of a methyl group in the potential benzene ring, however, seems 
to render ring closure more difficult. In this case ring closure does not take 
place spontaneously during distillation of the ester im vacuo, but requires 
heating of its solution in glycerol at 250°. The product thus obtained melts 
at 202°C. and yields analytical figures in good agreement with C,H ,ON, 
which differs from the ester (I) by the elements of ethyl alcohol, C,-H,O. The 
product, which is phenolic, is most probably represented by structure IV. 


Experimental 


Condensation of Phenylacetone with Diethyl Malonate 


The condensation was effected by the method of Kon and Speight (3), 
which was also used by Hugh and Kon (2). The aniline—zinc-chloride com- 
pound, prepared from aniline’ (10 cc.) and anhydrous zinc chloride (25 gm.) 
was added to diethyl malonate (80 cc.), phenylacetone (67 gm.) and acetic 
anhydride (60 cc.), and the mixture heated on the steam-bath for 75 hr. 
After cooling, water was added and the oil that separated collected in ether, 
washed with dilute acid, and with water. When fractionated, the oily 
product yielded some unchanged ketone, diethyl malonate, and an oily ester 
(10 gm.), b.p. 160 to 185° C. (12 mm.), which deposited crystals on standing. 
The mixture of oil and crystals was filtered through a sintered glass funnel 
and the crystalline substance washed with benzene, and recrystallized from 
methanol-benzene. This crystalline product contained nitrogen and melted 
at 117° either alone or in admixture with an authentic specimen of acetanilide. 
Calc. for CsHsON: C, 71.11; H, 6.66%. Found: C, 71.55, 71.55; H, 6.82, 
6.77%. The ethyl a-carbethoxy-8-methyl-y-phenyl-butenoate from which 
the acetanilide had been filtered was refractionated when the bulk distilled 
at 173° (3 mm.). (Hugh and Kon give b.p. 180° to 188° at14mm.) 
Saponification of Ethyl a-carbethoxy-B-methyl-y-phenyl-A%-butenoate 

The ester, b.p. 173° C. (3 mm.), was saponified with aqueous methanolic 
potassium hydroxide (10%) and the solid 3-methyl-1-hydroxy-2-naphthoic acid 
obtained recrystallized several times from a mixture of methanol and benzene, 


m.p. 194° (decomp.). Calc. for CizHi0O3: C, 71.29; H, 4.95%. Found: C, 
71.62; H, 5.06%. 
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Decarboxylation of 3-Methyl-1-hydroxy-2-naphthoic acid 


A mixture of 3-methyl-1-hydroxy-2-naphthoic acid (0.1 gm.), quinoline 
(7 cc.), and copper powder (0.1 to 0.2 gm.) was refluxed for 45 min. After 
cooling, ether was added and the filtered solution extracted repeatedly with 
small volumes of dilute sodium hydroxide solution. The combined basic 
extracts were acidified with dilute hydrochloric acid (1 : 1) and the precipitated 
phenol collected in ether, washed with water, dried, and distilled in vacuo. 
It consisted of a slightly coloured oil, b.p. 140° to 150°C. (2 mm.), which 
crystallized on cooling. It was recrystallized from hexane (0.5 cc.) from 
which it separated in small rosettes of needles, m.p. 90 to 91°. In admixture 
with 3-methyl-1-naphthol, it melted at 92°. 


1-Nitro-2-methyl-na phthalene 


Lesser obtained from 74 to 93% of the calculated yield of 1-nitro-2-methyl- 
naphthalene by nitrating 8-methyl-naphthalene in glacial acetic acid with 
anhydrous nitric acid. This yield was not substantiated by the results of 
Vesely and Kapp who state that the product of the nitration by this method 
consisted of about half of the solid 1-nitro-derivative and the other half of 
liquid isomers. The writers’ results were similar to those of the latter authors. 
Nevertheless for obtaining rapidly a quantity of the desired substances the 
method of Lesser was preferred to that of Vesely and Kapp. 


B-Methyl-naphthalene (211 gm.) was dissolved in glacial acetic acid (350 cc.) 
and the solution cooled to 5° C. Nitric acid (230 gm.; d, 1.5) was dropped in 
very slowly, with efficient stirring, the temperature being kept below 10°. 
When all the nitric acid had been added, the solution was allowed to come 
to room temperature and stirring was maintained for three hours. The 
mixture after standing overnight deposited a quantity of 1-nitro-2-methyl- 
naphthalene, which was filtered and washed with two portions of glacial acetic 
acid. The washings were added to the filtrate which was then heated slowly 
to 80° over a period of five hours. After cooling, ice was added cautiously 
until a heavy crystalline precipitate separated. This was filtered on a fritted 
glass filter and the filtrate was diluted copiously with water. A heavy viscous. 
oil separated which was washed repeatedly and then chilled to 0° thus causing 
more of the solid isomer to separate. The solid was separated as before and 
the residual oil was chilled repeatedly until no further crystalline material 
separated. The total solid material, washed free from oil with either acetic 
acid or methyl alcohol, amounted to 171 gm. (yield, 61%). For the prepara- 
tion of the amine the product was recrystallized from methanol. 


1-Amino-2-methyl-naphthalene 

The method used was that of reducing the nitro compound by iron and 
dilute acetic acid described by Lesser, but this proved very tedious. Vesely 
and Kapp used a similar method for reducing the 4-nitro-compound but in 
this case the writers found it much simpler as described below to reduce this 
compound in alcoholic solution by iron and hydrochloric acid. Doubtless 
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this could be applied with success to the reduction of the 1-nitro-compound*. 

1-Nitro-2-methyl-naphthalene was reduced in quantities of 23 gm. following 
the directions of Lesser. At the end of the reduction the solution was made 
alkaline with sodium hydroxide and subjected to distillation in a current of 
superheated steam. This was found necessary in order to drive over the amine 
with reasonable speed. (Average yield, 90%. Lesser found 60 to 70%). 
1-Acetamino-2-methyl-4-nitro-naphthalene 

The foregoing amine was acetylated as described by Lesser, and on recry- 
stallization had the melting point given by him. The 1-acetamino-2-methyl- 
naphthalene was then nitrated in glacial acetic acid solution by means of 
nitric acid (d, 1.51) as described by Vesely and Kapp. The product was 
recrystallized repeatedly to constant melting point (235°C.). Vesely and 
Kapp give m.p. 240 to 241°. In Spite of this discrepancy the product on 
hydrolysis gave a substance of the same melting point as given by Vesely and 
Kapp. The yield of several nitrations averaged 66% of recrystallized material. 
1-Amino-2-methyl-4-nitro-naphthalene 

This amine was obtained from the acetamine compound in almost quantita- 
tive yield by hydrolysing with a mixture of concentrated hydrochloric acid 
and alcohol as described by VeselY and Kapp. The pure amine melted at 
185° as stated by these authors. 
2-Methyl-4-nitro-naphthalene 

i-Amino-2-methyl-4-nitro-naphthalene (24 gm.) was dissolved in hot 
alcohol (720 cc.) and 62.5% sulphuric acid (96 cc.) added to the solution which 
was cooled rapidly in ice and diazotized with a solution of sodium nitrite 
(8 gm.) in water (32 cc.). A dark green paste was produced which was placed 
on the steam-bath and heated until no more nitrogen was given off. Alcohol 
was distilled off and the residual liquor (one-fifth of its original bulk) was 
poured, with vigorous stirring, into a large volume of water and the flocculent, 
yellow precipitate filtered on a Biichner, washed with water and dried in air. 
Wt., 22.4 gm. The filtrate and washings were extracted with ether, and the 
extract was used to exhaust the dry product. The combined ethereal extracts, 
which contained the 2-methyl-4-nitro-naphthalene, were evaporated and the 
residue was distilled in a current of steam. The pure crystalline 2-methyl-4- 
nitro-naphthalene, after drying, weighed 8.1 gm. The bulk of the crude 
product unfortunately consists of a high-melting product, probably, 1-ethoxy- 
2-methyl-4-nitro-naphthalene. 


2-Methyl-4-amino-na phthalene 

2-Methyl-4-nitro-naphthalene (8.1 gm.) was heated to boiling on the 
steam-bath with alcohol (20 cc.) and concentrated hydrochloric acid (0.5 cc.). 
Iron filings (8.1 gm.) were then introduced in three portions at intervals of 


* The paper of H. E. Fierz-David and E. Mannhart (Helv. Chim. Acta, 20 : 1024-1040. 
1937.) was unfortunately overlooked until this paper had been submitted for publication. The 
method of reduction of 1-nitro-2-methyl-naphthalene described by them seems much simpler than 
that used in the present work. 
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five minutes. The mixture was kept at vigorous ebullition under reflux and 
the boiling continued for 2.5 hr. after the final addition of iron. Three-fifths 
of the alcohol was then distilled off (12 cc.), the residue filtered with suction, 
and the insoluble washed with the alcohol which had been distilled. The 
combined filtrate and washings were then distilled until no more alcohol came 
over and, to the still hot residue, sodium hydroxide pellets (0.8 gm.) were 
added. After cooling, the amino-product was collected in ether, recovered 
from the extract and distilled im vacuo, b.p. 120 to 125°C. (4 mm.). The 
distilled oil, which crystallized on cooling, was recrystallized from light pet- 
roleum ether from which 2-methyl-4-amino-naphthalene separated as long, 
white needles, m.p. 51 to 52°. Vesely and Kapp (7) give m.p. 51 to 52°. 
Wt., 6.0 gm.; yield, 83.3%. 
3-Methyl-1-naphthol 

2-Methyl-4-amino-naphthalene (5.9 gm.) was dissolved with the aid of heat, 
in a mixture of glacial acetic acid (25 cc.), concentrated sulphuric acid (11.8 
gm.) and water (118 cc.). The solution was cooled rapidly with ice and diazo- 
tized with sodium nitrite (2.5 gm.). The diazotized solution was filtered with 
suction through a sintered glass funnel and the filtrate added to 160 cc. of 
dilute sulphuric acid (1 vol. : 1 vol.) and heated on the steam-bath until 
the evolution of nitrogen had ceased (45 min.). After cooling, the oily 
product was collected in ether and the ethereal solution shaken with several 
portions of dilute sodium hydroxide. The combined extracts were acidified 
with dilute hydrochloric acid and the precipitated naphthol was collected in 
ether and eventually distilled im vacuo, whereupon it partly sublimed at 90° C. 
(2 mm.) and the rest distilled as a colourless oil at 140 to 145° (2 mm.) which 
immediately crystallized on cooling. The product, after recrystallization 
from hexane, melted at 92°. Wt., 1.9 gm.; yield, 30.6%. Both Fittig (1) 
and Vesely¥ and Kapp (7) give m.p. 92°. 
3-Methyl-1-hydroxy-2-naphthoic acid 

Into a mixture of 3-methyl-1-naphthol (1.4 gm.), anhydrous toluene 
(10 cc.), and sodium (0.5 gm.) heated on the steam-bath in a flask equipped 
with a short air condenser, a stream of carbon dioxide was passed for six 
hours. The mixture was then cooled, water added, the toluene layer separated 
and the aqueous solution acidified with dilute hydrochloric acid. The pre- 
cipitated product was collected in ether and the ethereal solution shaken with 
several portions of 5% sodium bicarbonate solution. The collected sodium 
bicarbonate extracts were acidified with dilute hydrochloric acid and the 
precipitated product was collected in ether. The ethereal solution was washed 
with water, dried over sodium chloride, and distilled on the steam-bath. The 
crystalline residue was recrystallized repeatedly from methanol-benzene and 
from benzene. Either alone or in admixture with the saponification product 
of ethyl (II), 3-methyl-1-hydroxy- 
2-naphthoic acid melted at 195° C. (decomp.). 
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Condensation of Phenylacetone with Ethyl Cyanoacetate 


Phenylacetone (13.4 gm.), ethyl cyanoacetate (11.3 gm.), and piperidine 
(0.5 cc.) were mixed and allowed to stand at room temperature with occasional 
shaking:for two days, during which droplets of water gradually separated. The 
reaction mixture was dissolved in ether and washed with dilute hydrochloric 
acid and with water. The ether solution yielded an oil which was distilled 
in vacuo, the fraction boiling at 120 to 148°C. (2 mm.) being collected and 
redistilled. It yielded ethyl a-cyano-6-methyl-y-phenyl-butenoate, b.p. 
156 to 158° (Smm.). Wt.,5.0gm. 

Formation of 3-Methyl-1-hydroxy-2-naphthoic nitrile 

Ethyl a-cyano-B-methyl-y-phenyl-butenoate (5 gm.) was added to four 
times its volume of glycerol and kept at 240 to 250° C. for three hours. After 
cooling, the reaction mixture was poured into water (200 cc.), the precipitated 
oil collected in ether, and washed repeatedly with aqueous potassium hydroxide 
(5%). The combined potassium hydroxide solutions were acidified with dilute 
hydrochloric acid (1 : 1) and the precipitated product was collected in ether, 
dried, recovered from the ether, and sublimed at 140 to 150° (5 mm.). Recry- . 
stallized from benzene, m.p. 202°. Calc. for CisHs»ON: C, 78.6; H, 4.92; 
N, 7.65%. Found C, 78.65; H, 5.01; N, 8.05%. 
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THE PROBLEM OF PLASTEIN FORMATION 


II. THE CHEMICAL CHANGES INVOLVED IN PLASTEIN FORMATION 
BY PAPAIN AND BY PEPSIN! 


By H. B. 


Abstract 


It has been confirmed that free amino and carboxyl groups disappear during 
plastein formation from concentrated proteose by crystalline pepsin. Using 
papain, the changes are obscured by simultaneous hydrolysis. Enzymatic 
hydrolysis of the plasteins results in the liberation of free amino and carboxyl 


groups. 

Reactive “‘tyrosine’’ decreases during plastein formation by either enzyme. 
The same groups are liberated on enzymatic hydrolysis of the plasteins, in a 
manner analogous to that which takes place in the hydrolysis of typical pro- 
teins. 

It is concluded that in so far as the changes in amino, carboxyl, and ‘‘tyrosine” 
groups are concerned, the plasteins are similar to typical proteins. It is further 
suggested that the phenolic hydroxyl groups of tyrosine play an essential role in 
the structure of the protein molecule. 

Benzaldehyde was found to have no effect on the formation of plastein from 
proteose by crystalline pepsin. 


Introduction 


Wasteneys and Borsook (14) have reviewed the problem of plastein for- 
mation from protein digests, and have discussed in detail the evidence in sup- 
port of their view that the plasteins are protein in nature. Briefly, the plasteins 
show the solubility behaviour and colour reactions of typical proteins; free 
amino and carboxyl groups disappear during their formation from protein 
digestion products; they may be hydrolysed by proteolytic enzymes. These 
observations have since been confirmed by Cuthbertson and Tompsett (7), 
who have also stressed the significance of cystine and of carbohydrate in 
plastein formation. 

Nevertheless, there has been no general agreement as to the protein nature 
of plastein. This may be attributed chiefly to Folley’s (8) attempted measure- 
ment of the molecular weight of peptic plastein by means of the ultracentri- 
fuge. He concluded that the plastein has a particle weight of less than 1000; 
but the measurement was made at pH 9.2, which is far to the alkaline side 
of the isoelectric point, and the observed sedimentation rate may therefore 
be much too low. 

Alcock (1) has stated that there is insufficient evidence for an increase 
in molecular complexity in plastein formation. The present paper contributes 
further evidence to this problem. The changes in free amino and carboxyl 
groups have been confirmed. An observation of even greater significance is 


1 Manuscript received in original form April 19, 1940, and as revised, June 7, 1940. 
Contribution from the Department of Biochemistry, University of Toronto, Toronto, Ont. 
2 At the time, holder of a personal grant from the Banting Research Foundation. At present, 
, aera Associate, Institute of Parasitology, McGill University, Macdonald College, Quebec, 
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that reactive ‘‘tyrosine” disappears during plastein formation (even in the 
presence of simultaneous secondary hydrolysis) and reappears on enzymatic 
hydrolysis of the plasteins. The role of tyrosine in the structure of the 
protein molecule is discussed. 


Methods Experimental 


Plastein formation was followed by estimating the material insoluble in 
2.5% trichloracetic acid, using the micro-Kjeldahl technique, as described in 
the first paper of this series (6). Free amino nitrogen was determined by 
the micro Van Slyke method, and changes in the acid- and alkali-titratable 
groups by means of the Willstatter and Linderstrém-Lang titrations respec- 
tively. Reactive ‘‘tyrosine’’ was determined by the method of Anson (2), 
using the Folin-Ciocalteu phenol reagent in the presence of formaldehyde to 
suppress sulphydryl groups. 

The reported figures are averages of repeated determinations, and in each 
case the appropriate controls have been deducted, the figures thus expressing 
the net changes in the plastein itself. 

In order to simplify conditions, the plasteins were prepared from “‘proteose”’, 
rather than whole protein digests. The proteose was precipitated from peptic 
digests of commercial egg albumin by means of sodium sulphate, reprecipitated 
twice, and finally dialyzed to remove salts and lower digestion products. 
The resulting solution was concentrated to approximately 60 mg. of total 
nitrogen per ml. 

Synthesis of Plastein by Papain 
It has been demonstrated in the previous paper (6) that active papain can 


form a plastein from concentrated papain or peptic digests of egg albumin. 
In the present experiments papain, prepared and activated with hydrogen 


TABLE I 
SYNTHESIS OF PLASTEIN BY PAPAIN 


(Figures refer to milligrams or milli-equivalents per millilitre) 


Time 
0 hours 4 hours 24 hours 

Total N, mg. 41.2 41.2 41.2 
N.P.N., mg. 41.2 38.6 36.4 
Plastein N, mg. 0 2.6 4.8 

N, m.e. 0 —0.19 —0.34 
Amino N (Van Slyke), m.e. 0.40 0.54 0.68 
ANH:z, 0 +0.14 +0.28 
HCl, m.e 0.35 0.49 0.64 
AHCI, m.e +0.14 +0.29 
KOH, m.e 0.60 0.75 0.87 
AKOH, m.e +0.15 +0.27 
Tyrosine, m.e. 0.070 0.061 0.052 
ATyrosine, m.e. 0 —0.009 —0.018 
AN/ATyrosine a 21 19 
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sulphide as previously described, was added to proteose at pH 5. During 
the formation of plastein the changes in free amino and carboxyl groups and 
reactive ‘‘tyrosine’’ were followed. Table I records the results of a typical 
experiment in which 60 mg. of papain in 2 ml. of buffer was added to 5 ml. 
of proteose at 38°C. It is evident that, as plastein formation proceeds, 
“tyrosine” decreases but free amino and carboxyl groups increase. This 
suggests that both synthesis and hydrolysis are taking place simultaneously. 


Papain Hydrolysis of Papain Plastein 

A large quantity of plastein was prepared by adding active papain to a 
concentrated albumin digest. After several days the mixture was made 
alkaline to phenolphthalein, in order to destroy the enzyme, and brought 


back to pH 5. The plastein was then thrown down in the centrifuge and 
washed repeatedly with water and finally with 0.1 M citrate buffer of pH 5.0. 


To 20 ml. of approximately 2% suspension of this plastein in citrate buffer 
was added 200 mg. of activated papain in 3 ml. of solution, and the digestion 
carried out at 38°C. The results of the analyses are given in Table II. 
Free amino, carboxyl, and “‘tyrosine’’ groups are all found to increase as 
digestion proceeds. 


TABLE II 
PAPAIN HYDROLYSIS OF PAPAIN PLASTEIN 


(Figures refer to milligrams or milli-equivalents per millilitre) 


Time 

0 hours 21 hours 
Plastein N., mg. 122 1.18 
N.P.N., mg. 0 0.80 
AN, m.e. 0 0.057 
HCl, mee. 0.200 0.246 
AHCI, m.e. 0 0.046 
KOH, m.e. 0.153 0.215 
AKOH, m.e. 0 0.062 
Tyrosine, m.e. 0.0016 0.0036 
A Tyr., m.e. 0 0.0020 
AN/ATyr. — 28 


Peptic Hydrolysis of Papain Plastein 


The plastein as prepared above was suspended in 0.1 N hydrochloric acid 
and digested with crystalline pepsin at 38°C. To 20 ml. of 2% plastein was 
added 0.10 ml. of 1% pepsin. Digestion was followed in the usual manner, 
and the results are summarized in Table III. The changes in the acid- 
and alkali-titratable groups are much less than in papain hydrolysis, but the 
magnitude of the change in “tyrosine”’ is about the same. 
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TABLE III 
PEPTIC HYDROLYSIS OF PAPAIN PLASTEIN 


(Concentration in milligrams or m.e. per millilitre) 


Time 

0 hours 4 hours 21 hours 
Plastein N, mg. 2.18 Ls 1.22 
N.P.N., mg. 0 0.61 0.96 
AN, m.e. 0 0.044 0.069 
HCl, me. 0.036 0.039 0.041 
AHCI, m.e. 0 0.003 0.005 
KOH, m.e. 0.176 0.183 0.185 
AKOH, m.e 0.007 0.009 
Tyrosine, m.e. 0.0015 0.0032 0.0041 

Tyr, m.e. 0 0.0017 0.0026 

AN/ATyr. 26 26 


Peptic Synthesis of ‘Plastein 


A plastein was formed by the addition of crystalline pepsin to concentrated 
proteose solution. (The optimum hydrogen ion concentration+for plastein 
formation by crystalline pepsin was found to be at pH 4.3.) In the experi- 
ment recorded in Table IV, 0.5 ml. of 1% crystalline pepsin solution was 
added to 5 ml. of proteose at 38°C. It is observed that the free amino, 
carboxyl, and reactive “‘tyrosine’’ groups all decrease as plastein formation 
proceeds. 

TABLE IV 
PEPTIC SYNTHESIS OF PLASTEIN 


(Concentrations per millilitre) 


Time 
0 4 hours 72 hours 
Total N, mg. 53.0° 53.0 53.0 
N.P.N., mg. 53.0 47.9 43.2 
Plastein N, mg. 0 Fe | 9.8 
,» me 0 —0.36 —0.70 
HCl, m.e 0.37 0.34 0.31 
AHCI, m.e 0 —0.03 —0.06 
KOH, m.e 0.71 0.67 0.66 
AKOH, m.e 0 —0.04 —0.05 
Tyrosine, m.e. 0.099 0.084 0.071 
., 0 —0.015 —0.028 
AN/Atyr 24 25 


Peptic Hydrolysis of Peptic Plastein 

A large quantity of peptic plastein was prepared, treated with alkali, 
neutralized, and washed, as described for papain plastein. Finally a sample 
of this plastein was dissolved in 0.1 N hydrochloric acid and digested with 
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crystalline pepsin. In a typical experiment, the data of which are given in 
Table V, 0.15 ml. of 1% crystalline pepsin was added to 25 ml. of 3.5% 
plastein in hydrochloric acid, and the digestion carried out at 38°. The 
typical increase in free amino, carboxyl, and ‘‘tyrosine’’ groups is also found 
in this case. 
TABLE V 
PEPTIC HYDROLYSIS OF PEPTIC PLASTEIN 


(Concentrations per millilitre) 


Time 
0 hours 21 hours 
Plastein N, mg. 2.12 0.11 
N.P.N., mg. 0 2.01 
AN, me. 0 0.144 
HCl, m.e. —0.023 —0.003 
AHCI, m.e. 0 0.020 
KOH, m.e. 0.208 @:221 ° 
AKOH, m.e 0 0.013 
Tyrosine, m.e. 0.0015 0.0070 
« ATyr., me. 0 0.0055 
AN/ATyr. — 26 


Peptic Hydrolysis of Typical Proteins 


Since the proteolysis of the plasteins liberated ‘‘tyrosine”’ capable of reducing 
the phenol reagent, in a manner analogous to that of typical proteins, it 
seemed of interest to make a quantitative comparison, for which haemoglobin 
and albumin were employed. The haemoglobin was Difco ‘‘Bacto’’ beef 
haemoglobin, dissolved, and dialyzed against water. The albumin was 
prepared by fractional precipitation of commercial egg albumin with am- 
monium sulphate, and final dialysis. The experiments were carried out 
exactly as in the case of the plasteins, using crystalline pepsin. The results, 
expressed as ratios of total nitrogen to “‘tyrosine’’, in equivalent quantities, 
were as follows: 


Haemoglobin, 65 Egg albumin, 35 


For pure haemoglobin and egg albumin the calculated ratios are 67 and 48 
respectively; the ratios of total amino acid residues to tyrosine residues for 
these two proteins are, respectively, 576/12 = 48, and 288/8 = 36. 


Note on Effect of Benzaldehyde on Peptic Synthesis 


Wasteneys and Borsook (14) observed a striking increase in plastein syn- 
thesis by pepsin in the presence of benzaldehyde. This was repeated, using 
crystalline pepsin, and proteose for substrate. A precipitate was formed in 
the presence of substrate and benzaldehyde alone, as previously observed. 
The degree of precipitate formation, expressed as percentage of the total nitro- 
gen, was as follows: 
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Proteose + benzaldehyde + pepsin 30.0% 
Proteose + benzaldehyde 10.1% 
rvoteose + pepsin 20.5% 


It is observed that the net synthesis in the presence of benzaldehyde, 
19.9%, is slightly less than in its absence. Benzaldehyde alone forms a 
precipitate with proteose (probably a condensation product), but has no 
influence on the synthesis of plastein by pepsin. 


Discussion 


In the experiments described, plastein formation has been studied in the 
light of the changes taking place in the free amino, carboxyl, and reactive 
“‘tyrosine’’ groups of the system. In the formation of plastein by pepsin, 
free amino and carboxyl groups were found to decrease, as already reported 
by several groups of workers. In the case of papain. these same groups 
increased; this is probably due to a secondary hydrolysis of a portion of the 
proteose simultaneous with the plastein formation. Simultaneous plastein 
formation and hydrolysis have already been observed by Wasteneys and 
Borsook (15) with trypsin. 

The changes in reactive ‘‘tyrosine” may throw further light on the nature 
of plastein formation. With both pepsin and papain the reducing groups 
decreased, paralleling the decrease in non-plastein nitrogen; the change was 
apparently unaffected by the simultaneous hydrolysis taking place in the 
presence of papain. This phenomenon appears to be the reverse of that 
utilized by Anson (2) in his well known method for determination of proteolytic 
activity. 

When the plasteins were hydrolysed by papain or by pepsin the free amino, 
carboxyl, and “‘tyrosine’’ groups were all found to increase in a manner 
analogous to that which takes place in the hydrolysis of typical proteins. 
From the results of these experiments an attempt has been made to compare 
the plasteins with typical proteins; because of the complexity of the systems 
it is probable that the results are only roughly quantitative, but they at least 
indicate the order of magnitude of the changes. 

In the experiments with papain the changes in free amino and carboxyl 
groups cannot be considered quantitatively, because of secondary hydrolysis. 
In the pepsin experiments the changes have been correlated with the changes 
in plastein nitrogen, being expressed as a “‘complexity factor’’* similar to the 
ratio of change in plastein nitrogen to the averaged change in acid- and 
alkali-titratable groups, on an equivalent basis. Thus, in the peptic for- 
mation of plastein an average factor of 11 was obtained; peptic hydrolysis of 
both peptic and papain plastein gave the value 9. These changes are, there- 
fore, of the same order of magnitude as those observed by Waldschmidt- 
Leitz (13), and by Miller and Calvery (10), who found that pepsin liberates 
about one-tenth of the total nitrogen of a protein as free amino nitrogen in 


* See Ranganathan and Sastri (11). 
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the early stages of digestion.* In both formation and hydrolysis the ratio 
of the change in acid-titratable to the change in alkali-titratable groups 
approximated 1 : 1, suggesting that peptide bonds are involved. 

The role of reactive ‘‘tyrosine” is worthy of special consideration. These 
active groups seem to be related to the state of the plastein molecule, for 
their disappearance parallels plastein formation, and their reappearance 
parallels plastein hydrolysis. The Anson method depends on the fact that 
“tyrosine” liberation is related to the disappearance of protein (precipitable 
by trichloracetic acid) and is apparently uninfluenced by secondary hydrolysis. 
The changes in these active groups have been expressed quantitatively by a 
factor that is the ratio of the change in plastein or protein nitrogen to the 
change in ‘‘tyrosine’”’, on an equivalent basis. The values thus obtained have 
been summarized below (average ratios). 


Papain synthesis of plastein 20° 
Papain hydrolysis of papain plastein 28 
Peptic hydrolysis of papain plastein 26 
Peptic synthesis of plastein 25 
Peptic hydrolysis of peptic plastein 26 
Peptic hydrolysis of egg albumin 35 
- Peptic hydrolysis of haemoglobin 65 


It may be of some significance that the factors for egg albumin and haemo- 
globin approximate the ratio of total nitrogen atoms to tyrosine residues in 
the protein molecule—48 and 67, respectively. The fact that free tyrosine 
appears at an early stage in peptic digests, as demonstrated by Calvery 
and Schock (5), suggests that the observed reduction may be largely due 
to this amino acid. Nevertheless it seems unlikely that free tyrosine dis- 
appears in plastein formation, for the proteose substrate had been repeatedly 
precipitated and finally dialyzed. However, in view of the present uncer- 
tainty regarding the nature of the reducing groups in proteins, and our lack 
of knowledge concerning the reactivity of combined tyrosine and trypto- 
phane, it is impossible to draw definite conclusions as applied to the structure 
of the plastein and protein molecules. 


The disappearance of free amino and carboxyl groups suggests that peptide 
linkages are created in plastein formation from proteose; these same bonds 
appear to be broken again on enzymatic hydrolysis. That these are not the 
only linkages involved is indicated by the change in reducing groups; the 
latter are probably the. phenolic hydroxyls of tyrosine, which may form 
hydrogen bonds with other groups of a similar nature. These same active 

' * A complexity factor of 10 suggests that the molecule is broken down into peptides containing 
about 10 nitrogen atoms each and with molecular weights averaging about 100. Tiselius and 


Eriksson-Quensel (12) have recently found that peptic hydrolysis of egg albumin actually results 
in products of this magnitude. 
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groups may play an essential role in the structure of the protein molecule.* 

The above observations, together with the qualitative and quantitative 
similarity of plastein hydrolysis to the hydrolysis of typical proteins, make 
it difficult to avoid the conclusion that plastein formation is a true enzymatic 
synthesis (synthesis in the general sense of the creation of more complex 
molecules, not the formation of a specific substance of known structure). 
That the proteinases have the ability to form peptide linkages has been 
demonstrated conclusively by Bergmann and Fraenkel-Conrat (3) with papain, 
and by Bergmann and Fruton (4) with chymotrypsin. The objection that 
peptic synthesis takes place at pH 4, where pepsin is normally only slightly 
active, is invalidated by the demonstration by Fruton and Bergmann (9) 
that pepsin shows its maximal activity at that pH in the hydrolysis of certain 
simple peptides. 

Alcock (1) has proposed that plastein formation may involve a polymeriza- 
tion or anhydride formation, and it has been suggested frequently that the 
phenomenon may be a condensation. The possibility of condensation in 
such a system, amino and phenolic derivatives and carbohydrate being 
present, is difficult to rule out. (Cuthbertson and Tompsett (7) have recorded 
their opinion that carbohydrate is significant in plastein formation.) The 
precipitate obtained by Wasteneys and Borsook (14) with benzaldehyde and 
digest is probably a condensation product—their data show that it is virtually 
indigestible by pepsin, as compared with the plasteitis obtained in the presence 
of enzyme. If the plasteins are condensation products they must contain 
the same linkages as protein, since they are readily hydrolysed by proteolytic 
enzymes. 

That plastein is not the result of condensation of enzyme material with 
substrate is indicated by the fact that as little as 0.001% crystalline pepsin 
gives an appreciable degree of plastein formation. Further, active enzyme is 
essential, as demonstrated with both papain (6) and pepsin. Whatever the 
exact mechanism of plastein formation, the enzyme appears to play its usual 
catalytic role, in synthesizing a protein-like substance. (Peptide bond 
creation is of course a condensation, but it takes place only in the presence 
of enzyme.) 

In claiming that plastein formation is a true enzymatic synthesis it is not 
maintained that the plasteins are typical proteins, nor that the phenomenon 
explains protein synthesis im vivo. 
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* Huggins (J. Org. Chem. 1: 407-456. 1936.) has demonstrated that phenol may form 
hydrogen bridges. However, the fact that enolic compounds also reduce the phenol reagent ( Fuji- 
wara, H. and Kataoka, E. Z. physiol. Chem. 216 : 133-137. 1933.) makes it possible that the 
observed reduction is due to these groups. The possibility that enolic groups may contribute to the 
reducing power of proteins does not seem to have been adequately investigated. 
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THE ALLOYS OF ALUMINIUM AND LEAD! 
By A. N. CAMPBELL? AND R. W. ASHLEY?’ 


Abstract 


The equilibrium diagram of the system aluminium-lead exhibits two invariant 
points, the eutectic at 326.8° + 0.1° C., corresponding to 0.021% aluminium, 
and the equilibrium—two liquid layers-solid aluminium at 658.5° + 0.1° C.— 
the freezing points of pure lead and of aluminium being taken as 327.3° and 
660.0° C. respectively. The composition of the aluminium rich liquid at this 
point is 98.9% aluminium. 

The mutual solubility of liquid lead and aluminium is small below 800° C. 
In the solid state, lead and aluminium are mutually insoluble. Liquid aluminium 
can take upas much as 10% lead in the form of an emulsion or colloidal’suspension. 

The effect of the addition of lead on the hardness of aluminium has been 
investigated. 


Introduction 


The study of this system was undertaken because, according to Janecke 
(5), this was one of the few binary metallic systems still uninvestigated. 
A search of the literature after the study had been started revealed, however, 
that some work had been done on the system. Wright (10) states merely 
that the molten alloy separates into two layers. Pécheux (6) claimed to have 
obtained three zones in alloys containing more than 10% lead, but this would 
represent an invariant point in a two-component alloy; presumably, no 
importance is to be attached to this statement. The most extensive investi- 
gation is that of Gwyer (2, p. 147) who finds two halt-points on the cooling- 
curves, one at the melting point of pure lead, the other at the melting point 
of pure aluminium, corresponding to the formation of two almost completely 
insoluble liquid layers. He states, however, that in alloys of 1, 2, 3, and 5% 
lead, the formation of two layers did not take place before the beginning of 
crystallization, a statement which seems incompatible with his identification 
of the first half-point with the freezing point of aluminium. More recently, 
Claus (1) has stated that aluminium takes up lead to the extent of 5% in, 
however, colloidal not true, solution. 

The most complete bibliography is given by Hansen (3, p. 140). In addition 
to these references, Hansen cites the work of Hansen and Blumenthal (4). 
This paper contained only a short reference to the subject of the present 
investigation, but the work appeared to be more exact than any other, the 
aluminium used being of high purity, and the upper halt-point accurately 
determined. 

It was decided to pursue our investigation, since the literature contained 
no precise information as to the composition of invariant points, while the 
temperature of the eutectic seemed quite unknown, and certain statements 
in the literature appeared to be incompatible. 


1 Manuscript received in original form December 23, 1939, and as revised, July 2, 1940. 
Contribution from the Chemistry Department, University of Manitoba, Winnipeg, Man. 

2 Associate Professor of Chemistry. 

3 Holder of a Bursary under the National Research Council of Canada. 


- ~ © 


CANADIAN JOURNAL OF RESEARCH. VOL. 18, SEC. B. 


Experimental | 


In the absence of an X-ray apparatus, the writers were confined to the 
classical methods of thermal analysis and micrography, but, in a system so. 
simple as this, X-ray analysis could furnish no further information. The 
lead used had the following impurities: Ag=0.0001%, Cu=0.0025%. 
After completing a study of the system using a commercial aluminium, which 
contained 0.25% Si, and 0.58% Fe, the writers were induced to repeat 
the investigation of the whole system using the purest aluminium. This was. 
fortunately obtained through the courtesy of Dr. Frary and Mr. J. J. Bowman 
of the Aluminum Company of America. This aluminium had the following 


composition :— : 0.007% 


0.01 
0.029 , 

0.001 

Remainder 


The use of this pure aluminium had a decided effect on the composition and 
temperature of the eutectic, which had no doubt served as a sink for the 
collection of the impurities of the commercial aluminium. The effect on the 
high-temperature invariant point was very slight. 

The thermocouples used were of platinum—platinum-rhodium (10% rho- 
dium). Following an idea of Sykes (9) two thermocouples in opposition 
were used, one in the melt and the other in a neutral body consisting of a 
cylinder of copper of about the same thermal capacity as the melt. Both 
melt and neutral body were heated and cooled:in the same electric furnace. 
The opposed thermocouples were connected through a delicate reflecting 
galvanometer. A separate circuit connected the thermocouple in the melt 
with a potentiometer capable of measuring 10-* volt, corresponding to 1/10° 
C. In this way, both the.temperature difference of melt and neutral body, 
and the absolute temperature of the melt, could be almost simultaneously 
measured. The reflecting galvanometer gave a displacement in the eye-piece 
of 1 mm. per 0.3°. The absolute thermocouple was calibrated in the usual 
way from the freezing points of lead, tin, aluminium, and zinc. To increase 
still further the sensitiveness of the method, the device of Plato (7), whereby 
the resistance in series with the furnace is progressively reduced, was applied. 
A high degree of sensitiveness was obtained by plotting galvanometer dis- 
placements and temperatures against time, on the same diagram. Any 
thermal effect in the alloy is revealed as a sudden change in the galvanometer 
displacement. 

A mercurial thermometer was used for the determination of the eutectic 
point. This thermometer was graduated in 0.5° and, with the aid of a hand 
lens, it could be read to one-tenth of this. Pure lead was melted in a hard 
glass test-tube and the cooling curve recorded while the test-tube was sur- 
rounded by an air-bath, followed by a bath of hot oil. About half a gram of 
aluminium was then added (to 100 gm. of lead) to saturate the lead, and the 
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cooling curve repeated. In this way the depression was found to be 0.5 + 
0.1° C., that is, the eutectic lies at 326.8 + 0.1° C., the freezing point of 
pure lead being taken as 327.3° C. The composition of the eutectic was 
found by direct analysis (there is no colloidal effect on this side of the 
diagram) to be 0.025% Al. 

The alloys were prepared by melting the aluminium in an alundum crucible 
in the electric furnace, the appropriate quantity of lead being then added 
with stirring. Both layers of the alloy were subsequently analysed. 

The thermal analysis shows that on the cooling curves of mixtures of 
varying proportions of lead and aluminium two distinct halts could always be 
observed. These do not occur, as Gwyer stated, at the melting points of the 
pure metals but at temperatures slightly below them. A check was made on 
the higher of these halt-points by substituting as the neutral body a crucible 
containing pure aluminium. By means of the two opposed thermocouples, 
the difference between the temperature of the invariant point and that of the 
freezing pure metal could be accurately measured. The temperature of the 
higher halt was thus found to be 658.5° + 0.1° C,, the freezing point of pure 
aluminium being taken as 660.0°. . 

Analysis of the upper layer gave as much as 9.96% lead, the amount depend- 
ing on the rapidity with which the alloy had been cooled. As the possibility 
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of the existence of a peritectic point, with compound formation, could not be 
excluded, an alloy of approximately equal volumes of lead and aluminium 
was kept for 12 hr. at 500° C., at which temperature the upper layer is solid, 
and the lower, liquid. Analysis showed the lead content of the upper layer to 
have fallen to 3.88%. A repetition, in which the period of heat treatment 
was 20 hr., reduced the lead content to 0.88%. It was therefore concluded, 
in agreement with the statement of Claus (1), that a lead content of more 
than 1% did not represent an equilibrium condition, but that it was colloidally 
dispersed. The density of the dispersion containing 9.96% lead was found 
to be d75:" = 2.88; the mixture rule requires 2.90. 

The 10% colloidal dispersion was etched with 20% sodium carbonate and 
examined microscopically. Under a magnification of 85 diameters, the presence 
of the lead was not conspicuously evident, but there was evidence of hetero- 
geneity along the grain boundaries of the aluminium crystals. 

The writers are indebted to Mr. A. C. Halferdahl of the National Research 
Laboratories, Ottawa, for a further photomicrographic investigation of this 
alloy (10% lead). Mr. Halferdahl reports as follows: ‘“‘The section taken is 
in the top layer, quite close to the bottom layer. This section is at 1200 
diameters using an oil immersion lens with oblique illumination (i.e., epicon- 
denser or panopak). The structure is very fine, but it is a structure, and there 
are some fairly small areas which show dark and may be particles of lead 
that are not as finely dispersed as the major portion.’”” The photograph is 
reproduced in Fig. 2. In view of the fact that a structure is evident, it is 
perhaps incorrect to describe the lead as being in colloidal solution; one 
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might speak of a “‘semi colloidal suspension’’. It should be borne in mind, 
however, that the photomicrograph is necessarily taken on the solidified 
alloy and it is not intended to imply that solid lead is in either true or colloidal 
solution in solid aluminium. In other words, even if liquid lead be in true 
colloidal solution in liquid aluminium, after solidification the lead can only be 
mechanically dispersed, although very finely dispersed, as the photograph 
shows. 

It was not possible, therefore, to determine the composition of the point D 
(see diagram, Fig. 1) by direct analysis, and the branch DE is too short to 
admit of accurate determination by thermal analysis. The temperature of 
D was, however, accurately known. The expedient of defining the mutual 
solubility curve was therefore resorted to. The intersection with the temper- 
ature horizontal of D then gave the composition of D. Mixtures of 
approximately equal volumes of lead and aluminium were raised, without 
previous heating, to temperatures of 672°, 730°, 748°, and 800° C. respectively, 
and kept at these temperatures for from one to two hours. The alloy was then 
quenched in ice-water, and the aluminium layer bored and analysed. On 
the aluminium side of the diagram, the lead content rises from 1.10% lead 
to 1.70% lead for a rise of 150°. Possibly the curve flattens rapidly above 
800° since the content of 10% lead was found in alloys melted about 1000°, 
but, from work on the related system Pb-Al—Ag, where the phenomenon of 
colloidal suspension persists, the writers are inclined to think the dispersion 
of the lead is due to stirring. By projection of the mutual solubility curve 
through the temperature horizontal of D, the composition of D results as 
1.10% lead. 

The solubility of aluminium in liquid lead was investigated at 800° C., by 
pouring molten lead, to which 0.5% of aluminium had been added, into a 
chilling mould. This is said to be the most effective method of quenching (8). 
The lead content was only 0.017%, i.e., less than that found at the eutectic. 
The writers attribute this discrepancy to experimental error, since it amounts 
only to 0.0004 gm. in actual weight, and they assign to both temperatures 
the mean content of 0.021% Al. 

The important question of whether the phase separating along the short 
branch ED was pure aluminium or a solid solution of lead in aluminium was 
settled by heating a solidified upper layer containing 0.70% lead, at 500° C. 
for 48 hr. Analysis then showed that the aluminium contained only 0.18% 
lead. This then represents an upper limit to the solubility of solid lead in 
solid aluminium. 


It is interesting to compare the temperatures and compositions of the 
invariant points with those calculated from the Raoult-van’t Hoff relation. 
Since both lead in aluminium and aluminium in lead represent very dilute 
solutions, approximate coincidence of observed and calculated freezing 
points might be expected. For the respective metals:— 
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0.02 T? 0.02 (3274273)? 
5.86 
= 1225° per 100 gm. lead. 


0.02 (6594273)? 
76.8 


= 227° per 100 gm. aluminium. 


K Pb 


Kai 


Assuming the dissolved metals to be in the atomic condition, we obtain for 
the respective depressions 
AT obs. AT calc. 


+ 6.71 Cc. C. 
Al as solvent 6.7 


The microscopic examination revealed little of interest beyond the charac- 
teristic appearances of lead and aluminium. The content of aluminium in 
the eutectic is too small to permit of a eutectic structure being distinguished. 
Reference has already been made to the structure of the colloidal dispersion. 

In view of the suggestion of Claus (1) that some of these alloys might be 
used as bearing metals, the Brinell hardness number of several was deter- 
mined. The apparatus used was designed for testing harder materials, so 
the numbers obtained are not absolute, but they are comparative. The 
results were 


Pb as solvent 


Hardness Hardness 

Nature of alloy pte Nature of alloy pi 
100.0 Pb 4.3 0.70% Pb in pure Al 16.7 
99.95% Al 10.36 1.67% Pb in pure Al 13.8 
99.90% Al 13.3 0.18% Pb in commercial Al 16.3 
99.2% Al 15.9 10.0% Pb in commercial Al 13.7 


It appears that commercial aluminium is appreciably harder than the pure 
product. A small addition of lead to aluminium first hardens it slightly, but 
further additions of lead cause it to soften again. This effect is quite evident 
when the aluminium reguli are cut with a hack-saw. 

Summary of Equilibrium Data 
The equilibrium diagram was constructed from the following data:— 


Point sas Temp., Point axe Temp., 
A 100% Pb 237.3 G 1.40% Pb 730 
B (eutectic) 0.021% Al 326.8 H 1.50% Pb 748 
D ies anaes 1.10% Pb 658.5 L 800 
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THE ALKALOIDS OF FUMARIACEOUS PLANTS 
XXVIII. CORYDALIS NOBILIS PERS.* 
By RicHarp H. F. MANSKE? 


Abstract 


The following nine known alkaloids have been isolated from Corydalis nobilis 
Pers.—protopine, cryptopine, d- and _ dl-tetrahydro-palmatine, stylopine, 
d-isocorypalmine, corytuberine, bicuculline, and corlumine. In addition, three 
as yet uncharacterized bases have been obtained. Alkaloid F54 and alkaloid 
F55 are phenolic and the former may be represented by Ci9H2;0;N containing 
a groups. Alkaloid F53 is non-phenolic and analyses indicate 


The alkaloids of Corydalis nobilis Pers. have been investigated by Ernst 
Birsmann, who in 1892 in a dissertation from the University of Dorpat* 
recorded the isolation of six alkaloids, one of which was named corydalino- 
biline. His descriptions are vague and the analytical figures are certainly 
erroneous, but it is nevertheless probable that he had in his possession 
substantially pure d-tetrahydro-palmatine, bicuculline, and corytuberine. 
The procedure that he used lacks definiteness but in view of the fact that 
corydalinobiline was recrystallized from water, it almost certainly was 
corytuberine, and this isolation antedates that of Dobbie and Lauder (1), 
who gave the first proper description of corytuberine and coined the name. 

In addition to the three bases named above, the present author has isolated 
dl-tetrahydro-palmatine, a partially racemic stylopine, d-isocorypalmine, 
protopine, cryptopine, corlumine, and three unidentified bases. One of these 
(alkaloid F53) is non-phenolic, contains no methoxyl, and may possibly 
be represented by C:7H:;O.N, although confirmatory evidence is lacking. 
The remaining two are phenolic, one (alkaloid F54) yielding analytical 
figures in agreement with C,)H2;0;N containing two methoxyl groups, the other 
(alkaloid F55) being obtained in amounts too small for further examination. 

From the systematic botanical point of view C. nobilis is of interest in that 
it is the only species that has been placed in the Section Capnogorium (Bernh.) 
Prantl et Kiindig by most authorities. Fedde (2) has pointed out, however, 
that there is room for doubt as to its proper classification, and that it may in 
reality belong to the Subsection Ramoso-sibiricae Fedde of Section Eucory- 
dalis Prantl. There is as yet insufficient chemical data available to place its 
proper classification beyond doubt, but it may be pointed out that the roots 
do not contain acetyl-ornithine as do three plants of this subsection (5). 
Furthermore, C. nobilis is the only known plant that elaborates both aporphine 
(corytuberine) and phthalide-isoquinoline (bicuculline) alkaloids. 


1 Manuscript received May 8, 1940. 
Contribution from the Division of Chemistry, National Research Laboratories, Ottawa, 
Canada, Issued as N.R.C. No. 935. 
Chemist. 
*The author takes pleasure in acknowledging his indebtedness to the authorities of the mt ged 
(now the University of Tartu, Esthonia) for the loan of the Birsmann dissertation, which has 
not been published elsewhere. 


288 


MANSKE: ALKALOIDS OF FUMARIACEOUS PLANTS, XXVIII. 


Experimental 


The material for the present investigation was grown in a local garden. 
Owing to the fact that the plant is a perennial that does not attain a reasonable 
size in less than three to four years, only the roots of the older plants were 
collected. The aerial portion, however, was collected annually as the plant 
approached the dormant state. There was available a total of 13.3 kilos of 
dried material of which the roots constituted 6.3 kilos. Both portions were 
extracted separately with methanol but for the isolation of the alkaloids the 
corresponding fractions were frequently combined. The aerial portion 
contained considerably less total alkaloids than the roots. The percentage 
figures given apply to the total material. From the methanolic extract of 
the roots there was obtained 925 gm. of sucrose (14.6%) not contaminated 
with amino acids (ninhydrin test). 

The following is a summary of the various fractions and the contained 
alkaloids, the author’s standardized procedure being used. 

Base hydrochlorides extracted from aqueous solution by means of chloro- 
form, 


BC—Non-phenolic bases,—d- and dl- tetrahydro-palmatine, stylopine, bicuculline, 
alkaloid F53. 


BCE—Lactonic and phenolic bases precipitated by carbon dioxide,—bicuculline, 


corlumine, d-isocorypalmine. 


Base hydrochlorides not extracted from aqueous solution by means of 
chloroform, 
BS—Non-phenolic bases,—protopine, cryptopine. 
ES—Phenolic bases extracted from alkaline solution by means of ether,—alkaloid F55. 
BSE oo bases precipitated by carbon dioxide,—corytuberine, alkaloid 
Stylopine, d- and dl-Tetrahydro-palmatine 
The chloroform extract of the aqueous acid solution was extracted with 
successive portions of hot water and the insoluble non-basic resin that 
remained was discarded. The aqueous solution (SR) thus obtained during 
ether extraction deposited a small amount of a sparingly soluble hydro- 
chloride, which was ultimately filtered off and examined separately. For this 
purpose it was dissolved in hot water and the rapidly supercooled solution _ 
basified with ammonia. The resultant caseous precipitate soon became - 
crystalline. It was then filtered off, washed, and dried. After being twice 
recrystallized from chloroform-methanol it was obtained in colourless fine 
prisms that melted at 206° C.* without appreciable decomposition. In 
admixture with a specimen of partly racemic stylopine from C. claviculata 
(7), it melted at the same temperature. The total yield of alkaloid was 
slightly less than 1 gm. 
The aqueous filtrate from which the stylopine hydrochloride had been 
obtained was then treated in the usual manner to obtain fraction (BC) and 
subsequent fractions. 


*All melting points are corrected. 
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The dried fraction (BC) was extracted with several successive portions of 
dry ether and the sparingly soluble residue dissolved in hot methanol. The 
filtered solution deposited a small amount of a base that consisted largely 
of dl-tetrahydro-palmatine. When recrystallized once more from hot methanol 
it was obtained in colourless plates that melted at 151° C. either alone or in 
admixture with an authentic specimen of di-tetrahydro-palmatine. The 
optical activity was very slight but positive. 


The filtrate from the above-mentioned base was evaported considerably, 
and upon cooling it deposited a copious yield of alkaloid. When this was 
recrystallized several times from methanol it was obtained in colourless 
crystals that melted sharply at 142° C., and in admixture with a specimen 
of d-tetrahydro-palmatine from C. pallida (6) it melted at the same temper- 
ature. Further small amounts of both bases were recovered from the mother 
liquors, the total yield being approximately 0.4%. 


Bicuculline 


The ultimate mother liquors from which no more tetrahydro-palmatines 
crystallized deposited in the course of several days a sparingly soluble base 
that was recrystallized from chloroform-methanol; it then melted at 196° C. 
By appropriate treatment it was also obtained in a form melting at 177° C., 
and neither form in admixture with the corresponding form of bicuculline 
gave a depression in melting point. The total yield of this alkaloid, including 
that obtained from fraction (BCE), was 0.09%. 


Alkaloid F53 


The filtrate from the bicuculline was diluted with methanol and heated 
with potassium hydroxide to dissolve phenolic and lactonic bases. Water 
was added and the insoluble resinous base dissolved in dilute hydrochloric 
acid. On cooling, a small amount of tetrahydro-palmatine hydrochloride 
separated. The filtrate from this was basified with ammonia and the liberated 
bases were taken up in ether. The residue from the ether in contact with 
methanol deposited a sparingly soluble base that was recrystallized three 
times from chloroform-methanol. It then consisted of colourless fine prisms 
that melted sharply at 183° C. Alkaloid F53 as thus obtained dissolves in 
sulphuric acid to yield a lilac coloured solution that becomes purple on warm- 
ing. Methoxyl groups are absent. Found: C, 68.96, 68.10, 68.38; H, 
5.62, 5.68, 5.64; N, 4.52, 4.58%. Calc. for CizHi,;0O.N; C, 68.23; H, 
5.69; N, 4.68%. 


d-Isocorypalmine, Bicuculline, and Corlumine 


The fraction (BCE) was redissolved in hot dilute hydrochloric acid and the 
bases were reprecipitated by the addition of ammonia. The washed and 
dried precipitate was dissolved in chloroform, the filtered solution evaporated 
to a resin, and the resin dissolved in hot methanol. A sparingly soluble base 
almost immediately crystallized. It was filtered off and washed with methanol 
(yield, 1 gm.). As thus obtained it consisted of stout colourless prisms that 
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melted at 230 to 231° C. with some previous darkening and sintering. In 
admixture with /-corypalmine or with /-isocorypalmine it became completely 
liquid at 220° C. That it is the d-form of the latter is evident from its optical 
rotation, [a]?0 = +303° (¢ = 0.4 in chloroform). This was further con- 
firmed by preparing the di-base from equal amounts of the d-form and a 
specimen of /-isocorypalmine from C. ochroleuca (5). It was obtained in 
colourless fine needles from chloroform-methanol, and it melted at 217 to 
218° C., as recorded by Gadamer, Spith, and Mosettig (3). 

It is pertinent to point out here that alkaloid F34 melting at 218° from C. 
caseana (8) proved.to be identical with the racemic isocorypalmine above 
described. A mixture of the two bases melted at 217 to 218° C. and no 
differences in their colour reactions with sulphuric acid could be observed. 

The filtrate from the d-isocorypalmine yielded a crop of bicuculline in the 
course of several days. The filtrate from the latter was largely freed of 
solvent and the residue dissolved in dilute hydrochloric acid. Ammonia 
was added and the liberated bases were extracted with ether. The residue 
from the ether extract in contact with methanol deposited, in the course of 
several days, 4 gm. of almost colourless prisms. When this alkaloid was 
recrystallized from hot methanol it was obtained in colourless crystals 
melting sharply at 159° C. An intimate mixture of this with corlumine 
melted at the same temperature. 


Protopine and Cryptopine 

The fraction (BS) was redissolved in dilute hydrochloric acid and the 
filtered solution basified with ammonia. The liberated base was extracted 
with chloroform and the residue from the extract dissolved in hot methanol. 
The crystals of protopine that then separated were not quite pure, but the 
alkaloid was readily obtained in a state of purity from the crystallized hydro- 
chloride. The total yield, including that recovered from the mother liquors, 
was 0.11%. 

The methanolic mother liquor from which the protopine had been separated 
was acidified with dilute hydrochloric acid and the methanol boiled off. 
The aqueous solution was then extracted with several successive fractions 
of chloroform to remove traces of fraction (BC) alkaloids. Ammonia was 
added and the liberated bases were extracted with ether. The residue from the 
ether in contact with methanol deposited a small amount of protopine. 
The filtrate from the protopine almost immediately desposited a second base, 
which, melted at 219 to 220° C., and when it was recrystallized from chloro- 
form-methanol the melting point was raised: to 221° C., which was not lowered 
when the alkaloid was mixed with cryptopine. The total yield of cryptopine 
was somewhat less than 0.001%, which includes some recovered from the 
mother liquors as acid oxalate. 


Alkaloid F55 
The fraction (ES) was contaminated with some non-phenolic bases, which 
were largely removed by adding an excess of potassium hydroxide to a 
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solution of the bases in dilute acid. The alkaline filtrate from the precipitate 
was saturated with carbon dioxide and the liberated base extracted with 
ether. The residue from the ether, when dissolved in hot methanol, deposited 
a number of well formed stout prisms that melted sharply at 209° C. This 
base dissolved in sulphuric acid to yield a colourless solution that became 
orange when heated and deep purple on cooling again. Inasmuch as it has 
not been possible to identify this base, it will be referred to as alkaloid F55. 
There was insufficient for analyses. 
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Corytuberine 


The fraction (BSE) was dried and repeatedly extracted with hot methanol. 


The combined extracts on evaporation to a small volume yielded a crop of 
almost colourless fine needles that melted indefinitely at 238° C. The sparing 
solubility in methanol and virtual insolubility in chloroform are properties 
reminiscent of those of corytuberine. Like corytuberine, the alkaloid was 
easily recrystallized from hot water. It then melted at 245° C., not depressed 


admixture with an authentic specimen of corytuberine. The total yield 


was 0.01%. 
Alkaloid F54 


The mother liquor from the crystallization of the corytuberine as well as a 


methanolic solution of fraction (BSE) on long standing deposited a small 
amount of bicuculline, but no other bases could be directly crystallized. 
Dilute hydrochloric acid was added and the methanol evaporated. The 
filtered solution was basified with ammonia and extracted with ether. 
Removal of the ether from the washed extract yielded a colourless resin, 
which was neutralized with hydrochloric acid. The pasty mass was extracted 
several times with hot chloroform and then dissolved in methanol. The 
_solution deposited a crystalline hydrochloride, which was filtered off and 
washed with methanol. The free base was regenerated by adding sodium 
bicarbonate to an aqueous solution of the salt. It was taken up in ether and 
the washed solution evaporated to a small volume. A sparingly soluble base 
melting at 143° C. separated in the course of a short time. This base, which 
has not been identified, is referred to as alkaloid F54. It dissolved in sulphuric 
acid to yield a brilliant greenish blue solution that became deep purple on 
heating. The yield was about 0.002%. Found: C, 66.06; H, 6.95; N, 
4. 
2 OMe, 17.97%. 


16; OMe, 17.84%. Calc. for CisH2:0;N; C, 66.09; H, 6.67; N, 4.06; 
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SOLUBILITY MEASUREMENTS IN THE REGION OF THE 
CRITICAL TEMPERATURE! 


By C. H. HoLpER? anp O. Maass?® 


Abstract 


An apparatus for the measurement of solubility in the critical temperature 
region has been constructed. This apparatus permits samples to be taken 
from the upper and lower regions (vapour and liquid phases, if below critical 
temperature) of a system without volume or pressure change so that equilibrium 
is not disturbed. 


Solubility measurements of hexachloroethane in ethane have been made 
through the critical temperature region. 


Introduction 


Hannay (12, 13) and Hannay and Hogarth (14) concluded that solubility 
is a property of all fluids and depends merely on molecular closeness and 
thermal activity. In other words, they did not ascribe to the liquid state 
any particular virtue, in regard to solvent power, over the gaseous state at 
an equal concentration. Actually, the experiments of these writers proved 
only that a certain solubility of a solid in a highly compressed gas may be 
expected. This fact having been established, attempts were soon made by 
others, using coloured solutions, to determine whether the solubilities in the 
liquid and vapour phases become identical at the critical temperature. 


One of the most striking experiments in this respect was that of Ramsay (17), 
using eosin as the solid. In solution the eosin fluoresces. The experimental 
tube was divided into two compartments, separated by a capillary in order 
to minimize the diffusion of the liquid phase into the gaseous phase at the 
critical temperature. The walls of the upper compartment were coated with 
eosin, and alcohol and eosin were placed in the lower compartment. On 
heating above the critical temperature no fluorescence occurred in the upper 
compartment until time had been given for diffusion; this indicated that the 
upper and lower parts of the system were not identical as regards solvent 
power just above the critical temperature. This rather interesting experiment 
would certainly bear repetition with the present improved methods of puri- 
fication and thermostating. Cailletet and Hautefeuille (5) found that, when 
blue oil of galbanum was dissolved in carbon dioxide, it appeared in small 
droplets on the walls of the tube at the critical temperature. However, a 
solution of iodine in carbon dioxide gave a distinctly coloured solution at 
the critical temperature (4). After the meniscus expanded and disappeared 
a deep colour remained in the lower portion of the tube but the upper region 
remained uncoloured. Edwards (11) endeavoured to repeat this work and 
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found that the vapour phase dissolved the iodine to a considerable extent as 
the critical temperature was approached. A discontinuous distribution of 
colour was observed, however, at 0.4°C. above the critical temperature. 
This could be made to disappear with rotation of the tube, but it reappeared 
on standing. At 0.6°C. above the critical temperature the colour became 
homogeneously distributed after a few rotations and remained so when the 
tube was stationary. 

On the other hand, Bertrand and Lecarme found that for solutions of 
potassium dichromate in water and alizarin in alcohol the two phases become 
of equal colour at the critical temperature (1), and the solutes remained in 
solution well above the critical temperature. Finally, Schréer (18) studied 
the colour distribution at the critical temperature of solutions of cobalt and 
copper chlorides in water. Depending on the concentration and degree of 
filling, 1 to 24 hr. were necessary for the colour to become uniform without 
stirring. With stirring, uniformity was established readily. 

These experiments with coloured solutions are the only ones described in 
the literature to show the relative solvent power of the two phases at the 
critical temperature. A consideration of them forces the conclusion that 
it is necessary to treat the observations with some reserve since they are of a 
qualitative nature, but in general they do point to a persistence of the liquid 
state above the critical temperature. 

A number of workers have determined the solubility in the liquid phase 
up to the critical temperature. Tyrer measured the solubility of sodium 
iodide in liquid alcohol by noting saturation temperatures in closed tubes (20). 
The solubility reaches a maximum and then falls off rapidly as the critical 
temperature is approached. Using the same method, he was able to deter- 
mine the solubility of the system at various densities just above the critical 
temperature. For densities of solvent less than that necessary to exhibit 
the critical phenomenon, the solubility is constant over a considerable tem- 
perature range. On the other hand, at densities greater than the critical 
density an increase of temperature seems to decrease solubility. The explana- 
tion offered by Tyrer is that hydrates that dissociate with heat are formed 
at the higher densities. 

Waldeck, Lynn, and Hill (21) measured the solubility of sodium carbonate 
in water at high temperatures. The solubility falls almost to zero at 348° C., 
which is 27° C. below the critical temperature. Quinn (16) has measured 
quantitatively the solubility of some substances in carbon dioxide over a con- 
siderable temperature range, and, using the Hildebrand solubility equation, 
he has placed carbon dioxide in an internal pressure series of solvents. 

Considerable experimental work has been done to obtain a correlation 
between the molar concentration of a solution and its critical temperature. 
Values of K in the simple equation— 
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A T. K 
where A = increase in critical temperature, 


T., = critical temperature of solution, 

T. = critical temperature of solvent, 

S = number of grams of solute of molecular weight M dissolved in 
L gm. of solvent, 

L = gm. of solvent, 

K = isaconstant for a given solvent, 


have been obtained which check very well in certain cases, but there does not 
appear to be a universal agreement. There does seem to be a tendency for 
consistency in the case of homologous series of compounds (e.g., for hydro- 
carbons, alcohols, amines, etc.) in a particular solvent, but the ultimate value 
of K depends on both the nature of the solute and the solvent. Schréer (19) 
maintains that the variation of K parallels the volatility of the solute, 
and that a certain variation with concentration also occurs. The chief 
investigators of this problem have been Centnerszwer (6-9), Schréer (18, 19), 
and Biichner (3). 
Experimental Details 

The Apparatus 

In the present research it was desired to measure the solubility of a solid 
in both phases of a liquid-vapour system up to and above the critical tem- 
perature. A method that allowed samples of the co-existing phases to be 
taken without disturbing equilibrium was necessary, and a metal bomb was 
designed for the purpose. The apparatus consists essentially of a central 
main bomb in which the solvent and solute are placed, and to which two small 
side bombs equipped with needle valves are attached. These small bombs 
are filled with mercury at the beginning of the experiment, and, when it is 
desired to take a sample, the needle valves on one of the side bombs are 
opened and the mercury flows out of the small bomb into the bottom of the 
main bomb; this results in a sample being drawn in from the latter. In this 
way a sample may be taken from each phase without changing the volume of 
the system, so that equilibrium is not disturbed. 

The main bomb of the apparatus as shown in cross section in Fig. 1 was 
machined from a rolled bar of phosphor-bronze. This is a fairly hard metal, 
has a tensile strength equal to that of some grades of steel, and when machined 
from a bar gives smooth surfaces to which connections may be made that 
are tight at high gas pressures. The diameter at the flanged top of the main 
bomb is 4} in. and the inner diameter of the body is ] in., with a wall thick- 
ness of 2 in. 

The cover, 1 in. thick, is fastened to the flanged face of the main bomb 
by means of four 3 in. bolts with nuts at both ends. A tight closure is ensured 
by an annular annealed copper gasket, L, of about 7 in. thickness and } in. 
width. On tightening the four bolts, the gasket flows into V-grooves, as 
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shown in Fig. 1, and forms a gas-tight seal. A boss on the bomb cover holds 
the gasket in position. The purpose of the plug, J, is merely to reduce the 
unavoidable dead space at this point. 


Fic. 1. Bomb assembly for solubility measurements. 


Fitted into the lower part of the main bomb is a stainless steel liner. It has 
a wall thickness slightly less than 35 in. and has a plug, welded into the 
bottom, that is bored and threaded to receive the steel tubing leading in from 
‘outside the bomb. The mercury that drains from the side bombs is received 
in this liner, and consequently it never comes into contact with the phosphor- 
bronze. The non-magnetic properties of the phosphor-bronze and stainless 
steel make it possible to operate the stirrer, J, by means of the magnet, H, 
connected in series with a make-and-break circuit. 

Metal, of sufficient thickness, was left as a belt at the upper part of the 
bomb so that the side bombs, B and D, could be connected at this point. 
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These units consist of a reservoir and a needle valve combined in a single 
body. Bomb closure is effected by means of a threaded plug screwed tightly 
against an internal shoulder. This shoulder defines and limits the volume, 
and a perfect ‘seal at that point is assured through the use of a platinum 
gasket. The seamless steel tubing is connected internally to the plug by 
welding, but both the tubing and the plug are reinforced externally by silver 
soldering. No material subject to amalgamation with mercury comes in 
contact with the interior. The seamless steel tubing leads to a needle valve, 
C, which, with the needle valve on B, defines the volume of sample taken. 
The sample as finally obtained is confined by the high pressure sides of both 
needle valves and thus may be weighed, etc., without danger of leakage. 
The bomb and valve bodies are of cold rolled steel, and the spindles and 
spindle housings of 18-8 stainless steel. The valve packings of graphite and 
string were found satisfactory. The seamless steel tubing used throughout 
is } in. O.D. and 35 in. I.D. 

The bottom sample is taken in D with the aid of a fine stainless steel tube 
that extends approximately two-thirds of the distance down the main bomb 
and is attached to the seamless steel tubing at F. The connection at F is 
made by threading and soldering externally to ensure gas tightness. 

All breakable connections are made by contact of bevelled surfaces and 
have proved entirely satisfactory. In some cases a collar with a left-hand 
thread has been used in conjunction with a gland nut. Fig. 1 shows the 
joint in detail. 


Experimental Procedure 


Skelly Solve B was used to wash and rinse the entire apparatus. When 
thoroughly dry, the side bombs were attached and 40 cc. of clean mercury 
was placed in the stainless steel liner. The cover was then bolted on and the 
proper connection made so that the apparatus could be evacuated. The 
auxiliary apparatus and method of evacuation is made clear in Fig. 2. Valves 
on side bomb D, Fig. 1, are closed while those on B are opened and evacuation 
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and Hyvac. 


_ 2. General diagram of apparatus. X, stopcock. —, 3-in. glass tubing. =, metal 
tubing. 
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and flushing with ethane from storage flask D is carried out. The valve on 
the reservoir, B, is then closed and an atmosphere of ethane is admitted to 
the main bomb. This forces the mercury through valve C and fills bomb B. 
Valve C is then closed and both valves on the side bomb, D, are opened. 
This reservoir is now pumped out, flushed, and filled with mercury in a similar 
manner. This is possible since the dimensions of the apparatus are such 
that, if the above procedure has been followed, there now remains clearance 
so that evacuation of side bomb D may take place through the stainless steel 
tube. When D is full of mercury, both valves on D are closed. The cover 
on the bomb is then removed and the solute is introduced. This is contained 
in seven small glass ‘‘baskets’’ suspended vertically on a fine iron wire. The 
stirrer now in use is a modification of that shown in the drawing, the alteration 
being effected in order to accommodate these ‘“‘baskets’’. It is simply a glass 
spiral of smaller diameter with a nail sheathed in glass at the top. After 
this has been introduced, the bomb cover is placed back in position and the 
apparatus is again thoroughly evacuated for several hours and flushed with 
ethane. Ethane may then be introduced and this atmosphere maintained 
until the beginning of the experiment. 

_ The cylinder, C, in Fig. 2 is a metal tank with needle valve in which ethane, 
distilled in a Podbielniak column, may be condensed and stored at room 
temperature. In order to make a run, the calculated amount of ethane 
to give a meniscus in the centre of the main bomb of Fig. 1 at the critical 
temperature is measured in the calibrated volumes, D, using manometer F. 
This is then condensed in the steel vessel, A, using liquid air. The valve, H, 
is then closed and J is opened to the bomb. The thermostat is then raised 
around the main bomb and is kept at 5° C. by means of a water cooling coil. 
The steel vessel, A, is allowed to warm to room temperature and finally is 
heated to 60° C. in order to force the ethane into the bomb of Fig. 1. Valve J 
is then closed and the residual gas left in the vessel, A, is measured in the 
volumes, D. 


The thermostat was then heated to the required temperature and main- 
tained there for the desired time by automatic control, which was good to 
within +0.002°C. Electromagnetic stirring can be carried out during this 
period. When it is considered that the system has reached equilibrium, the 
bottom sample is taken by slowly opening both valves on D. This allows 
the mercury in this unit to drain into the bottom of the main bomb, and a 
sample from the lower half of the main bomb is drawn in simultaneously. 
Both valves are then closed and the operation is repeated with bomb B for 
the topsample. The pressure is then released from the main bomb by opening 
the system to flasks D. The side bombs are uncoupled and the contents 
analysed for solute and solvent. This was done by weighing on a large 
capacity Sauter balance that had a sensitivity of one division equal to 0.01 gm. 
with a load of 1000 gm. 
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Calculations, Calibrations, etc. 

Since a metal bomb without windows was used in this investigation, it was 
necessary to determine the amount of ethane to use in order to have the 
meniscus of the saturated solution disappear in the centre of the bomb at the 
critical temperature. Some preliminary experiments in glass bombs gave 
this information. Approximately twice the calculated amount of hexa- 
chloroethane necessary to give a saturated solution was placed in the glass 
bomb (a proportionate amount was used later on in the experiments in the 
metal bomb). The volume of the glass bulb having been determined, it was 
then an easy matter to ascertain the desired mass per volume ratio of ethane 
by condensing the gas from calibrated volumes. It was found that 0.232 gm. 
of ethane per cc. fulfilled the requirements outlined above. Subsequent 
experiments indicated that there was a considerable region of safety on either 
side of this value, but the limits were not accurately determined. 

The volumes of the flasks, D, in Fig. 2 were determined by calibration with 
water, and were found to be 11,496.3 and 2,721.5 cc. These were insulated 
from drafts, etc., with rock wool. The volume of the adjoining tubing bounded | 
by the stopcocks shown in the figure and with the mercury in the manometer 
at zero level was 124.2 cc. The volume of steel vessel A and adjoining tubing 
up to valves H and J was found to be 91.1 cc. These two values weré 
obtained by expansion from the calibrated volumes, D. The available space 
for ethane in the main bomb, without the stirrer in place, is 84.0 cc. This 
value requires that the glass ‘‘baskets’’ be in the bomb and that the side 
bombs and adjoining tubing be filled with mercury in such a way that just 
enough remains in the bottom of the main bomb to cover it. The volume of 
side bomb B (vapour sample I) was found to be 15.50 + 0.02 cc. and that 
of D (liquid sample II) 15.40 + 0.02 cc. These volumes and the density 
required being known, it was then possible to fill the bomb with the desired 
amount of ethane. In this way relative densities can be reproduced to better 
than 0.5%, and the absolute value is probably better than 1%. 

At the end of the period of thermostating, the side bombs, containing the 
samples, were uncoupled, dried, and wiped clean with a cloth moistened 
with alcohol. Moisture that might have collected around the valve packing 
was removed by pouring a little alcohol into the valve, rinsing, and then 
placing the assembly in a vacuum desiccator for about $# hr. The behaviour 
on weighing showed that this treatment obviated any trouble from this 
source. Expulsion of the solute while the ethane was released was prevented 
by cooling the bomb assembly in carbon-dioxide—acetone mixture. Following 
this, the bomb was allowed to come to room temperature, was wiped dry, 
and weighed after standing 15 min. in the balance case. 

The weight of ethane having been determined, the bomb assemblies were 
taken apart and the valves, E and C, Fig. 1, disregarded since all the solute 
was contained in the reservoir and adjoining tubing. This was removed 
by repeated rinsing with Skelly Solve B until a constant weight was attained. 
The drainage of mercury from the side bombs was usually not absolutely com- 
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plete, and as a result a drop remained in the bomb. This was collected during 
rinsing operations and weighed. Thus it was possible to calculate the density 
of ethane in each phase from its weight and the total volume of the sample 
bomb minus the volume of mercury collected. Great care was necessary 
in rinsing the solute from the reservoir in order to avoid losing droplets of 
mercury, since this would cause large errors in the weight of the solute. 


All sources of error in this work were small compared to that involved in 
obtaining the weight of the solute. Approximately 0.5 gm. was contained 
in the samples at the critical temperature, and if an error of 0.001 gm. is 
assumed in each of the two weighings required, the result is good to within 


0.4%. 
Results 


Data Leading to Selection of a System for Investigation 


Although ethane, like most aliphatic hydrocarbons, is not a particularly 
good solvent for most substances, it does probably compare favourably with 
any of the other substances that have critical temperatures in the same con- 
venient temperature range. The other possibilities are carbon dioxide, 
nitrous oxide, hydrogen chloride, fluoromethane, phosphine, benzene, ethylene, 
and xenon. 

A number of substances were tested for solubility in ethane in an effort 
to find a compound that would give at least a 10% solution by weight at the 
critical temperature, so that a gravimetric method of analysis would be 


sufficiently accurate. To do this, a known weight of ethane was condensed 
in a heavy-walled bulb (capacity approximately 6.0 cc.) containing a weighed 
amount of solute. This could be done on the manifold indicated in Fig. 2. 
The tube was sealed off and heated to its critical temperature. By observing 
the amount of solid remaining undissolved, a rough estimate of the solubility 
could be made. Ethane as supplied by the Ohio Chemical and Mfg. Co. 
was used without purification in these preliminary experiments. 


As it was considered that some rather interesting experiments of a quali- 
tative nature might be performed with a coloured solution, the solubility 
of a number of oil-soluble dyes was tested, but these did not prove sufficiently 
soluble in ethane to be of use. Azobenzene gave a solution with a somewhat 
deeper colour however. When the solution was heated 0.4° C. above the 
temperature of disappearance of the meniscus in a stationary position and 
maintained at that temperature, by means of a thermostat, for 23 hr., a slight 
difference in intensity of the colours in the upper and lower parts of the tube 
was noticeable. This was slight, however, and the change in intensity from 
top to bottom was very gradual. 

Naphthalene, phenanthrene, iodoform, and triphenylmethane were found 
to be only slightly soluble in ethane. Camphor was found to be quite soluble, 
but, as it is a very volatile solid, it was abandoned in favour of hexachloro- 
ethane, which was sufficiently soluble (about 14% by weight) to meet require- 
ments. 


« 
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Critical Temperature of the Saturated Solution 


The critical temperature of the saturated solution and the mass per volume 
ratio of ethane were determined simultaneously. The critical temperature 
for a solution of recrystallized hexachloroethane in purified ethane was found 
to be 44.85°C. A difference in the temperature of disappearance of the 
meniscus was observed depending on whether the solution had been heated 
in a stationary position or with shaking. The ‘‘shaking critical temperature”’ 
was 0.2° C. lower than that observed in a stationary bomb, and corresponded 
to within 0.01° C. with the temperature of reappearance of the meniscus. The 
term critical temperature, as used herein, refers, of course, to the temperature 
at which the meniscus disappears in a stationary bomb. 

Solubility Measurements Through the Critical Temperature Region 

The solubility of hexachloroethane in ethane liquid and vapour has been 

determined over a temperature range from 40 to 50° C., which includes the 


critical temperature. These data are given in Table I and are plotted in 
Fig. 3. It was decided to make a series of determinations without stirring 


(4) 1 
40 42 44 4 4 
Fic. 3. Solubility of hexachloroethane in ethane liquid and vapour plotted against tem- 
perature. (Solubility is expressed as grams of hexachloroethane soluble in 100 gm. of ethane.) 


as the first step in this investigation. In these experiments the system was 
thermostated for 12 hr., with the temperature constant to within +0.002° C., 
and it was assumed that equilibrium solubility conditions were reached in 
this time. As mentioned before, the solute was distributed vertically over 
the length of the bomb in order to hasten saturation. The density of the 
ethane in the two phases has been measured and its values are included in 
Table I and are plotted in Fig. 4. 

As may be observed from the curves, a difference in the amount of solid in 
solution exists above the critical temperature as well as a difference in the 
ethane density. It is rather unfortunate that the ‘‘liquid’’ sample in the very 
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Fic. 4. Partial density of ethane in liquid and vapour phases plotted against temperature. 


last run at 50.05° C. gave an erroneous result, and that it was impossible to 
repeat the run owing to lack of time. The ability to obtain reproducible 
results is shown in the results at 40° C., in which there is a difference of 0.6% 
in the value for the liquid sample. A glass bomb in which there was a satur- 


TABLE I 


SOLUBILITY OF HEXACHLOROETHANE IN ETHANE LIQUID AND VAPOUR 


Liquid phase Vapour Phase 


Wt. % C.He Wt. G 
solubility density solubility density 


40.00 20.64 2.76 
40.00 20.51 0.300 2.63 0.149 
42.00 4.26 0.174 
43.50 18.35 0.267 6.05 0.177 
44.00 16.77 0.253 6.68 0.184 
45.00 14.97 0.246 8.86 0.204 
46.50 14.37 0.239 10.42 0.224 
50.05 - 13.05 0.228 


Temp., 


ated solution of hexachloroethane in ethane was kept in the thermostat 
during the experiments above the critical temperature. Even in the run at 
50° C. a slight, visible density difference in the system was detectable as shown 
by a rippling effect on shaking. This effect could be observed in the glass 
tube even after the tube had been kept at a constant temperature for 12 hr. 
by means of a thermostat. 

Discussion 


The system ethane-hexachloroethane belongs to the class of solutions that 
meets the requirements for an investigation of this kind, i.e., a type the 
solubility curve of which cuts the binary critical temperature curve at one 
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point only, so that the critical phenomena of the saturated solution is exhibited 
at one concentration and temperature. As inferred, it is possible that these 
curves intersect at two points. Two other types of two-component systems 
are possible, namely, one in which the solubility of the solid in the liquid 
becomes zero at or before the critical temperature, and one in which the solid 
is soluble in all proportions so that a saturated solution is not attained. In 
the latter type the critical temperature would be a function of composition, 
as is the case for binary hydrocarbon systems. Actually, it does seem probable 
that, in a system such as that now under investigation there may be a small 
variation of critical temperature of the saturated solution with change in 
mass per volume ratio of ethane. Unfortunately there does not appear to 
be at present any experimental evidence available on this point: If the 
phenomena is considered in terms of the temperature at which the meniscus 
reappears, this becomes evident. The concentration of the solid in the com- 
pressed gas is a function of the mean ethane density as well as the temperature. 
Hence, a large proportion of ethane will result in a more concentrated gaseous 
solution, and this in turn may be expected to have a slightly higher critical 
temperature. 

It has been pointed out that a marked difference in solubility exists in the 
upper and lower portions of the system when a saturated solution of hexa- 
chloroethane in ethane is heated slightly above the critical temperature. That 
such a result was found is not surprising to one who has observed the effect 
of shaking a glass bomb containing the saturated solution after it has been 
in the thermostat during the 12-hr. period. A slight rippling effect was 
observed even at 50°C. (4.3° C. above the critical temperature) when the 
bulb was agitated; this indicated that the system was not uniform. 


It is to be recalled that these solubility measurements have been made 
without stirring. In this regard it is of value to call attention to some liquid- 
vapour density measurements that have been made on ethylene, in the one 
case in a stationary bomb (10), and in the other, with rather vigorous shaking 
(15). Near the critical temperature (within 0.5° C.) the density-temperature 
curve obtained with shaking falls entirely within the curve obtained for a 
stationary bomb. At the lower temperatures the curves coincide. It 
becomes apparent therefore that as the liquid and vapour densities approach 
each other in magnitude, the phases may be dispersed in each other to an 
extent that is dependent on temperature and the degree of shaking. At the 
temperature at which the curves coincide, the mixing is negligible even with 
vigorous shaking. It might be argued that the values obtained on shaking 
are the true equilibrium density values, and that those of the stationary bomb 
would eventually reach this value if the bomb is allowed to stand long enough. 
However, it has been found that a constant reading is reached in a few 
minutes in the stationary bomb, and this does not change appreciably after 
periods of six hours. Consequently, in the region of the critical temperature 
there may be, for each phase in a liquid-vapour system, two density values 
at a fixed temperature, that depend on the degree of mixing of the two phases. 
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In the light of these experiments it is probable that stirring would cause a 
considerable diminution in the solubility difference observed in the liquid 
and vapour phases at the critical temperature. 


It has been postulated that the liquid phase is characterized by a “‘structure”’ 
that persists above the critical temperature. In view of the field of force 
exerted by such a dynamic group, more molecules of solute will be held in 
solution than is the case for an equal number of chaotically distributed gas 
molecules. As a consequence the mobility of the liquid grouping will be 
reduced so that there is less mixing of the two phases when heated to the 
critical temperature than would occur in a one-component system. For this 
reason a greater difference in the solvent density in the two phases would be 
expected than the difference in density found for a pure substance at the 
critical temperature. 


In conclusion, it may be said that this investigation of the critical properties 
of a saturated solution of a solid in a fluid is a phase of the critical phenomena 
of binary systems that so far has received very little attention. The behaviour 
of binary liquid systems has been studied much more thoroughly. It is felt 
that further work leading to a clearer elucidation of the critical phenomena 
of solid-liquid solutions might be of practical importance in various fields. 
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